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ABSTRACT The fine structure of the smallest branches of the hepatic arterial sys-
tem of the rat was studied with the light and electron microscope by means of alternate
thick and thin serial sections.

The terminal arborizations of the hepatic artery closely follow the pattern of the
portal vein and give rise to a dense network of capillaries in the periportal connective
tissue which closely surrounds the bile ducts. These periductal capillaries end by join-
ing (a) interlobular veins, (b) terminal distributing veins, (c¢) sinusoids directly or,
(d) sinusoids in common with branches of the portal vein. The capillaries arising from
larger arterioles have well developed precapillary sphincters at their origins, while
those arising from terminal arterioles have less prominent smooth muscle cuffs. There
are no smooth muscle sphincters at the terminal ends of the capillaries where they
join branches of the portal vein or sinusoids. Large endothelial cells usually guard these
junctions and frequently their nuclei bulge into the lumens of the vessels and may
close them off. Occasionally unmyelinated nerves with vesicles about 500 A in diameter,
some of which are granulated, are in close proximity to the endothelial cells of the cap-
illaries. Endothelial cells also guard the beginnings of sinusoids originating from the
portal vein. The sinusoids arising from periductal capillaries are identical in structure
to those directly off from the portal vein. Initially the sinusoids from both types of
vessels are like capillaries, with a continuous basement membrane around them and an
unfenestrated endothelium. A short distance into the parenchyma they lose their base-

ment membrane, become fenestrated and are typical sinusoids.

The vasculature of the liver has been
studied extensively during the three cen-
turies since the time of Glisson. Although
a great deal of work has been done, some
of the finer details of the relations of the
hepatic arterial system to the portal venous
system are still obscure.

The interconnections between the portal
vein and hepatic artery have been demon-
strated using histological sections, wax
reconstructions, injections, injection-corro-
sion methods, roentgenography and trans-
illumination of living specimens. Recent
studies by Hase and Brim (’66) and Mitra
(’66) fairly well summarize the present
understanding of the distribution of the
hepatic artery and its terminations as seen
in static studies. The functional microcir-
culation of the liver, however, is a dynamic
system with higher pressure hepatic arterial
vessels interconnected with lower pres-
sure portal veins and sinusoids and it is
best studied in living animals. This has
been done extensively by transillumination
(Knisely, '36; Block, 40, ’55; Wakim and
Mann, ’'42; Wakim, ’44; Irwin and Mac-
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Donald, ’53; Knisely et al., ’57; McCuskey,
’66). These studies have shown, in addition
to the types of connections between the
hepatic artery and portal vein, numerous
sphincter-like structures which control the
flow of blood between the two systems.
These “sphincters” are assumed to be con-
tractile reticulo-endothelial or endothelial
cells (McCuskey, '66), but their finer struc-
ture is unknown.

Fine structure studies of the liver have
concentrated mainly on the parenchymal
cells, sinusoids, and bile ducts. No defini-
tive work has been done on the hepatic
arterial system, its connections to the portal
vein and sinusoids, or to the structure of
sinusoids arising from terminal branches
of the hepatic artery. The structure of si-
nusoids originating exclusively from portal
veins has been studied (Burkel and Low,
'66).

The work reported here demonstrates the
fine structure of the terminal arborizations
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of the hepatic artery and their connections
to the portal vein and sinusoids. Particular
attention was given to the junctions be-
tween the arterial and venous systems and
to the areas of the apparent sphincters.

MATERIALS AND METHODS

Twenty healthy, young adult, albino rats
were anesthetized with 3.5% chloral hy-
drate (1 ml/100 gm of rat) and perfused
through the heart with glutaraldehyde
(Sabatini et al., 63) or gluaraldehyde-
formaldehyde (Karmovsky, ’65) using a
modification of the technique of Palay et
al. (°62). Perfusion continued until a vol-
ume of fixative (in ml) equal to, or greater
than the weight of the animal had been
used. Liver tissue was then removed,
minced into blocks approximately 2 X 2 X
1 mm in size, washed in buffer and post-
fixed for two to three hours in 1% OsO.
containing the same type of buffer used
in the perfusion. The tissue was dehy-
drated in a graded series of alcohols con-
taining 1% phosphotungstic acid. Embed-
ment was in Epon 812 (Luft, '61) with
polmerization at 60°C for 24 hours.

Thick sections (1-2 ) of the entire face
of the embedded tissue blocks were then
made for light microscopy and stained at
80°C with either 1% toluidine blue in 1%
borax, or Paragon Multiple Stain for Fro-
zen Sections,? also containing 1% borax.
After examination of the thick sections, the
blocks were trimmed for ultramicrotomy so
that they included a suitable portal area.
Finally, alternating thin (for electron mi-
croscopy) and thick (for light microscopy)
serial sections of the selected portal areas
were made in order to follow the branches
of the hepatic artery. Thin sections were
mounted on single hole grids which were
covered with formvar membranes and
stained with lead citrate (Reynolds, *63).
The thick sections were stained as above.

OBSERVATIONS

The hepatic artery winds through the
portal space in close association with the
portal vein, bile ducts and lymphatic ves-
sels giving off numerous branches along its
course. As the portal vein branches and be-
comes smaller the artery does also, until
deep within the liver it is represented only
by arterioles and capillaries. Two or three
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arterial branches usually accompany a por-
tal vein of about 600-700 ., in diameter
(fig. 2). One of the branches (figs. 2, 3) is
generally larger and it gives rise to the
smaller ones (fig. 4). The small branches
in turn give rise to rich network of capil-
laries (fig. 7) found in the portal space.

On the bases of their size and the struc-
tural makeup of their vascular walls, it is
convenient to describe four different types
of vessels forming the terminal parts of the
hepatic arterial system.® Vessels approxi-
mately 50-100 , in diameter and with a
wall 10-15 , thick are considered to be
arterioles. Terminal arterioles are 10-50 p
in diameter and have a wall about 5 . thick.
Vessels with diameters less than 10 . are
considered to be capillaries. The transi-
tional vessels between terminal arterioles
and capillaries, with lumens of about 10 g,
but with walls about 5 j thick are consid-
ered to be precapillaries.

Arterioles

Vessels with a caliber of 50-100 . are
considered to be arterioles. A large arteriole
(about 100 ) typically accompanies a por-
tal vein of about 500-700 , in diameter
(fig. 3).

The endothelium of this type of vessel
varies greatly in thickness depending upon
the state of contraction of the arteriole. In
the nuclear region the endothelium may be
as much as 5 y thick and in other places
only 0.2 p. The cells are joined by tight
junctions in the usual manner, with one
cell interdigitated with or overlapping its
neighbor at their point of contact. Pinocy-
totic vesicles are numerous, but fenestrae
are never seen. Microtubules and fine fila-
ments (50-100 A in diameter) are visible
in the cytoplasm. The filaments and tubules
are not arranged in bundles, but for the
most part are orientated with the long axis
of the cells. A basement membrane under-
lies the endothelium separating it from the
elastica interna.

The elastica interna itself is not a con-
tinuous layer, but it consists of a meshwork
of elastic fibers and microfibrils about 0.1~

2 Paragon C. and C. Company, Inc., 190 Willow Ave.,
Bronx, New York 10434

3 The terminology used to describe the various ves-
sels of the vascular tree is not uniform. A summary of
some of the terms used is found in the work of Movat

and Fernando (’63). The terminology used here is sim-
ilar to that of Rhodin (°67).
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0.2  thick. In vessels larger than 100 u the
elastica interna is usually a complete layer
while in vessels of 50 p, or less (fig. 4),
elastic components are almost completely
absent.

The tunica media of 100 . arterioles is
about 10 . thick and usually consists of
two circumferentially arranged layers of
smooth muscle cells. Fach cell is enclosed
in a basement membrane except at points
where the lateral cell membranes are in
contact to form a nexus (Dewey and Barr,
’62). Numerous fine filaments, microtu-
bules and dense bars, thought to be contrac-
tile protein (Rhodin, ’67), are evident in
the cytoplasm of the smooth muscle cells.
The outer layer of the media is well sup-
plied with unmyelinated nerves, which
have swellings along their course contain-
ing granulated and non-granulated vesicles.

There is no elastica externa in these arte-
rioles. The tunica adventitia varies in
thickness from a few tenths of a micron
to a few micra. It consists mainly of longi-
tudinally arranged collagen fibers and fi-
broblasts, which do not appear to be a
separate layer surrounding the arteriole,
but more like packing material filling the
interstices between the vessel and the sur-
rounding structures.

Terminal arterioles

Vessels of a diameter of less than 50 g
but larger than capillaries are considered to
be terminal arterioles (fig. 4). They begin
by branching off from arterioles at acute
angles and eventually end as capillaries.
They are essentially the same as arterioles,
but simpler in construction. Their endo-
thelium is the same as the arterioles. An
elastica interna is absent and only a single,
common basement membrane separates the
endothelium from the smooth muscle of
the tunica media. Direct membranous con-
tacts between the endothelium and the
smooth muscle cells are frequently seen
(fig. 4). These myoendothelial junctions
are also seen in arterioles at places where
there are gaps in the elastica interna, but
they are not as common. At these contact
points the basement membrane is locally
absent. Except for the more numerous myo-
endothelial contacts and a decrease in
thickness, the media of these vessels is
like that of the arterioles. It consists of
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only a single layer of circularly arranged
smooth muscle cells. No elastica externa
and little or no tunica adventitia are pres-
ent. The surrounding cells (bile duct cells,
fibroblasts, mast cells etc.) are tightly
packed directly against the basement mem-
brane of the smooth muscle of the media
except in a few places where there are col-
lagen fibers. These vessels appear to be
more abundantly supplied with unmye-
linated nerves than the arterioles but the
nerves themselves are identical.

The terminal arterioles give off numer-
ous capillaries as they traverse the portal
space. Eventually these arterioles leave the
larger portal areas in company with small
distributing veins (fig. 9). By this time
their architecture is further simplified, al-
though initially their caliber is only slightly
reduced. The smooth muscle coat of these
vessels gradually decreases in thickness
and eventually becomes incomplete. As
more branches are given off, the terminal
arteriole is reduced in size to a vessel only
slightly larger than a capillary. These ves-
sels finally end by joining either distribut-
ing veins or sinusoids.

Precapillaries

Arising from terminal arterioles in the
larger portal spaces are capillaries (8-10
in diameter) which supply the tissues of
the portal space. Surrounding the origin of
these capillaries are cuffs of smooth muscle
(fig. 5) which have been called “precapil-
lary sphincters” (Rhodin, ’67). These cap-
illaries and their smooth muscle cuffs
constitute a transitional vessel, the pre-
capillary (fig. 6). The sphincters consist
of a layer of smooth muscle cells circularly
arranged around the origin of the capillary
whose axis is at about 90° to that of the
arteriole. The smooth muscle cells of the
sphincters have membranous contacts with
each other, the media of arteriole and with
the endothelium. Nerve endings, contain-
ing granulated and nongranulated vesicles,
are in membranous contact with the
smooth muscle of the sphincters (fig. 5).

Twenty to 30 p along the origin of the
capillary the wall of the sphincter decreases
in thickness and the lumen enlarges
slightly. Finally the smooth muscle coat
becomes incomplete and disappears. From
this point on the vessel is a typical capillary
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(fig. 7). Terminal arterioles which follow
small distributing veins and have a thin or
incomplete media have correspondingly re-
duced precapillary sphincters, but their
general structure is the same.

Capillaries

The capillaries form a dense network of
vessels which ramifies throughout the por-
tal space., Nearly all of these vessels as-
sume a close relationship around the bile
ducts to form the periductal or peribiliary
plexus (fig. 2). A few capillaries travel
more independently through the portal tis-
sue and are not associated with bile ducts,
but their structure and terminations are
the same as those of the peribiliary plexus.

Capillaries of the portal space are similar
to those found in other parts of the body,
except for one feature noted below. They
have a thin endothelium whose cells are
joined by tight junctions. Pinocytotic vesi-
cles, or caveolae intercellulares are abun-
dant, but fenestrae were never seen. Fine
filaments and microtubules are numerous
in the endothelial cells and are generally
arranged with the long axis of the vessel. A
prominent basement membrane separates
the endothelium from the bile ducts and
other tissues of the portal tract. Randomly
placed perivascular cells partly surround
the capillaries. Occasionally, unmyelinated
nerve fibers were seen to be closely associ-
ated with the endothelium of large (about
10 y) capillaries (figs. 12, 13). They con-
tained both granulated and nongranulated
vesicles and were separated from the endo-
thelium by a basement membrane while on
their other surfaces they were covered by
Schwann cells. Although they were not
common, several were found during the
course of this study.

After traveling varying distances in the
portal tract the capillaries terminate by
joining (1) interlobular veins, (2) termi-
nal distributing veins, (3) sinusoids di-
rectly, or (4) sinusoids in common with
branches from the portal vein. No vessels
of the hepatic arterial system or its
branches were found to end near the cen-
tral veins. All of the capillaries stopped at
the periphery of the lobule.

Terminations in interlobular veins. Cap-
illaries may join interlobular portal veins
directly (fig. 8), but these connections ap-

WILLIAM E. BURKEL

pear to be quite rare. The capillaries join
these veins at acute angles, penetrating the
smooth muscle of the media. There are no
smooth muscle or perivascular cells around
these capillaries near their junction except
for the muscle of the interlobular vein it-
self. Near the opening of the capillary into
the vein there are prominent endothelial
cells which appear to be “guarding” the
entrance into the vein. The nuclei of these
endothelial cells bulge into the capillary
lumens and in some cases nearly occlude

Abbreviations

BD, Bile duct

BM, Basement membrane

C, Capillary

E, Endothelium

EI, Elastica interna

EN, Endothelial cell nucleus

HA, Hepatic arteriole

ha, Terminal arteriole

KC, Differentiated lining cell
(Kupffer cell)

L, Lymphatic vessel

N,n, Nerve

PC, Precapillary

PCS, Precapillary sphincter

PV, Interlobular portal vein

pv, Terminal distributing vein

S, Sinusoid

SC, Schwann Cell

TA, Tunica adventitia

TJ, Tight junction

TM, Tunica media

Fig. 1 Terminal arborizations of the hepatic
artery. Arterioles (HA) and terminal arterioles
(ha) give rise to capillaries (C) which surround
bile ducts (BD). Capillaries arising from arteri-
oles (PC) have well developed precapillary sphinc-
ters at their origins, while capillaries from
terminal arterioles have only poorly developed
sphincters. The periductal capillaries terminate
by joining portal veins and/or sinusoids. A few
capillaries join larger interlobular veins (PV) and
some join terminal distributing veins (pv). Others
give rise to sinusoids (S) directly (upper right),
or to sinusoids in common with the portal vein
(upper center). Endothelial cell nuclei (EN) are
usually located at or near the junctions of cap-
illaries with other vessels. Sinusoids arising from
capillaries are identical in structure to those
arising from portal veins. At the periphery of the
lobule all sinusoids resemble capillaries, having a
complete basement membrane (BM) and unfen-
estrated endothelium. A short distance into the
parenchyma they loose their basement membrane,
become fenestrated and are true sinusoids. There
are numerous lymphatic vessels (L) and unmye-
linated nerves (N,n) in the portal tissue. The
nerves supply the smooth muscle of arterioles and
precapillary sphincters. Occasionally small nerve
fibers (n) are found in close relation to endo-
thelial cells.
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them. These cells do not have any special
contractile organelles, but exhibit the usual
endothelial cell components, microtubules
and fine filaments.

Capillaries terminating in distributing
Many of the capillaries of the por-

veins,
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tal space end by opening into distributing
veins. Most frequently they join veins of
20-50 1 in diameter (figs. 9, 11), but they
may also join the larger distributing veins.
These distributing veins may travel in
parallel with interlobular veins or pass

Figure 1
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through the parenchyma alone. The
smaller, terminal distributing veins (figs.
9, 11) are very simple in architecture and,
except for their larger size, lack of fenes-
trae in their endothelium and the presence
of a complete basement membrane sux-
rounding them, they would appear to be
simply enlarged sinusoids. These veins are
near termination and they end by breaking
up into sinusoids. Capillaries joining these
vessels do not have any specialized sphinc-
ter mechanism at their junction with the
veins, but there occasionally is a pericyte
partly surrounding them. An endothelial
cell nucleus at or near the juncture of the
two vessels is usually seen (fig. 11). Oc-
casionally unmyelinated nerve fibers con-
taining small vesicles of about 500 A in di-
ameter ( some of which contain dense gran-
ules) are seen closely asociated with these
endothelial cells (figs. 12, 13). The nerve
fibers are separated from the endothelium
only by a basement membrane common to
them both, but they are separated from the
other surrounding tissues by Schwann
cells. The cells themselves show no special-
ized structures other than a few fine fila-
ments and microtubules that would suggest
they are capable of contraction.

Capillaries joining sinusoids. The capil-
laries of the portal tract that do not join
portal veins directly give rise to sinusoids
at the periphery of the lobule (figs. 14, 15).
These sinusoids are identical in structure
to those arising directly from the portal
veins (figs. 9, 10). They are typical capil-
laries until they begin to enter the paren-
chyma. As they enter the parenchyma the
basement membrane around them becomes
discontinuous and disappears. Fenestrae
appear in the sinusoidal lining cells as soon
as the basement membrane is gone and the
vessels become true sinuscids. At the point
where the fenestrae begin it is impossible
to tell for certain whether the capillary
endothelium actually becomes fenestrated
or that the capillary endothelial cell ends
and the adjacent lining cell is the fenes-
trated one. The latter would appear to be
the case.

There are no specialized sphincters at the
beginning of these sinusoids other than the
endothelial cells themselves. The orifice at
the beginning sinusoid at the periphery of
the lobule is nearly always buttressed with
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bundles of collagen, so it would seem that
the only way the opening could easily be
made smaller would be by the bulging of
the endothelium into the lumen to occlude
it.

The capillaries of the portal tract also
give rise to sinusoids in common with twigs
coming from distributing veins. Except for
a slight dilatation where the portal vein
twig and the capillary meet the sinusoids
thus formed are identical to the ones men-
tioned above.

DISCUSSION

Figure 1 summarizes the various endings
of the hepatic artery of the rat and their
structure. Because of the technical difficul-
ties involved in doing serial sections of
large numbers of portal areas at the elec-
tron microscope level, this study is not
suited to determine the frequency of oc-
currence of the types of endings observed.
It was possible, however, to find examples
of the most common endings which have
been described in injection (Mitra, ’66) and
transillumination investigations (McCus-
key, ’66). These endings, diagrammaticalily
represented in figure 1, are: (a) termina-
tions of capillaries in interlobular veins,
(b) terminations of capillaries in distribut-
ing veins, (¢) terminations of capillaries in
sinusoids directly and (d) terminations of
capillaries in sinusoids in common with
twigs off from the portal vein.

No evidence was found to support the
existence of “arterial sinusoids” described
in earlier studies (Wakim and Mann, '42;
Elias, 49; Senevirante, *49; Elias and Petty,
’53; Riedel and Moravec, *59; Lee et al., ’60;
Tajiri, '60). The descriptions of “arterial
sinusoids” might be explained by the fact
that lobules are frequently poorly defined
(Hase and Brim, ’66; Bloom and Fawcett,
’68) and that capillaries thought to be
within the lobule are in reality at the pe-
riphery of an irregular lobule and traveling
with a small terminal distributing vein.
Many of the terminal distributing veins are
very small (15-20 ;) and except for their
slightly larger size are impossible to dis-
tinguish from sinusoids at the level of light
microscopy. In electron microscope prep-
arations these terminal distributing veins
can be distinguished from sinusoids be-
cause they have an unfenestrated endothe-
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lium and a complete basement membrane
around them. In contrast, sinusoids lack
a basement membrane and are fenestrated.
This view is compatible with that of recent
reports on the vasculature of the liver (Mc-
Cuskey, '66; Mitra, ’66; Hase and Brim,
'66).

From the present investigation it appears
that “inlet sphincters,” “outlet sphincters”
and “intersinusoidal sphincters” described
in transillumination studies are, as McCus-
key (’66) suggests, contractile endothelial
or reticulo-endothelial cells. But at the
electron microscope level it is possible to
see differences between the cells function-
ing as “inlet” and “outlet sphincters” on
the one hand and the “intersinusoidal
sphincters” on the other. The cells forming
“inlet” and “outlet sphincters” at the ends
of the sinusoid are extensions of the endo-
thelium of the portal and central veins or
capillaries into the parenchyma (figs. 9,
10). Like other endothelial cells, the cells
acting as “inlet” and “outlet” sphincters are
unfenestrated and have a complete base-
ment membrane around them. The cells
considered to be “intersinusoidal” sphinc-
ters are entirely within the lobule itself.
These lack a basement membrane, are fen-
estrated and many are phagocytic. These
cells should be called undifferentiated lin-
ing cells if they are not presently, but po-
tentially phagocytic, and differentiated lin-
ing cells (von Kupffer cells) if they are
phagocytic. Both of these types are more
properly considered to be reticulo-endo-
thelial cells.

Other cells in the lobule may also per-
form sphincter-like functions (Burkel, '68).
These cells are either fibroblasts or “fat
storage cells” (Ito and Nemoto, '52) and
lie in the space of Dissé. Regardless of the
type of cell involved all of the cells which
may act as sphincters possess structural
elements usually associated with contrac-
tion, i.e. fine filaments and microtubules
(Majno et al., ’67). Presumably any of the
cells lining sinusoids could act as sphinc-
ters by bulging into the lumen of the ves-
sel to occlude it. This may be a passive
phenomenon or it may be actively con-
trolled by local autoregulation (McCuskey,
’66).

The significance of the small unmye-
linated nerve fibers in close association with
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the endothelial cells of some periductal cap-
illaries (figs. 12, 13) is uncertain. Innerva-
tion of endothelium has not been described
(Majno, ’65), although Tanikawa (’68)
has shown unmyelinated nerve fibers in
close relation to the endothelium of portal
veins in the liver and Majno et al. (’69)
have noted profiles similar to nerves in as-
sociation with vascular pericytes. These
nerve fibers are separated from the endo-
thelium only by a basement membrane
common to them both. They seem to be
more intimately related to the endothelium
than to any other structures and are cov-
ered by Schwann cells on all surfaces ex-
cept that adjacent to the endothelum.
Since the ability of endothelial cells to con-
tract is fairly well documented (Majno et
al., ’67), it may be that these cells are act-
ing as sphincters in these capillaries (par-
ticularly at their junctions with portal
veins and sinusoids) and are under the in-
fluence of autonomic nerves. Sphincters in
the peribiliary capillaries at their juncture
with branches of the portal venous system
have been described in living animals by
McCuskey (’66), but it is unclear from his
work just what kind of cells are involved.
Smooth muscle cells have not been seen
around these capillaries except at their
origin from arterioles and perivascular cells
are only irregularly placed along the ves-
sels. It may be that the constriction of endo-
thelial cells under the control of autonomic
nerves is responsible for controlling the
flow of blood here, but this remains to be
proven.
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PLATE 1

EXPLANATION OF FIGURES

2 A portion of a typical large portal area. The portal space contains a

large interlobular vein (PV) about 600 u in diameter and two small
distributing veins (pv). A branch of the hepatic artery (HA, right)
closely follows the interlobular vein and it gives rise to an arteriole
(HA, left) and a terminal arteriole (ha). The arterioles give rise to
the numerous capillaries (C) adjacent to the bile ducts (BD). The
precapillary (PC) is a transitional vessel between the arterioles and
capillaries. Numerous unmyelinated nerves (N) and lymphatic ves-
sels (L) are also found in the portal area. The following figures show
details of some of the vessels in this micrograph. X 840.

Large arteriole. This micrograph shows a portion of the large arteriole
(about 100 u in diameter) on the right side of figure 2. The endo-
thelium has the usual pinocytotic vesicles (arrow) and tight junc-
tions (TJ) between its cells. Elastic fibers and microfibrils make up
the nearly complete elastica interna (EI). The tunica media (TM) of
the vessel consists of two layers of smooth muscle, the cells of which
are enclosed in basement membranes (BM). The tunica adventitia
(TA) is variable in thickness and contains some unmyelinated nerves
(N) and their enclosing Schwann cell. x 7000.
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PLATE 2

EXPLANATION OF FIGURES

Terminal arteriole. This vessel is a branch of the arteriole in figure 3
and is also seen (ha) in figure 2. It is similar to an arteriole, but
simpler in architecture. The endothelium (E) is typical. There is no
elastica interna, but it is represented by a common basement mem-
brane (BM) between the endothelium and tunica media (TM). The
media is reduced to one layer of smooth muscle cells and it receives
projections from the endothelium (inset) to form myoendothelial
contacts (arrow). The surrounding cells of the portal space are
tightly packed against the media with only a basement membrane
intervening. Numerous unmyelinaied nerves (N) supply these ves-
sels. X 3600; inset, x 7100,

Precapillary sphincter. This micrograph shows the origin of a capil-
lary (C) off from an arteriole (HA) about 60 x in diameter. At these
places smooth muscle cells of the arteriole media (TM) form a cuff
of cells surrounding the endothelium of the capillary. The cuff is
called a precapillary sphincter (PCS) and the sphincter and endo-
thelium together constitute a precapillary. The smooth muscle cells
of the sphincter are in membranous contact with each other, with
the endothelium (arrows) and with unmyelinated nerve fibers (N).
= 4300.



TERMINATIONS OF THE HEPATIC ARTERY PLATE 2
William E. Burkel

341



342

PLATE 3

EXPLANATION OF FIGURES

Precapillary. The precapillary (PC) looks very much like a miniature
arteriole. It has a complete smooth muscle coat at this point, but it
disappears 20-30 u from the origin of the vessel. The smooth muscle
is well supplied with unmyelinated nerves (N). x 3800.

Periductal capillary. The hepatic arterioles give rise to the rich net-
work of capillaries of the portal space, the periductal plexus., They
are like the capillaries in other parts of the body, but are in very close
association to the bile ducts (BD). x 17,000,

Junction of a periductal capillary with an interlobular vein. The
capillary (C) joins the vein (PV) at an acute angle. There is nc
sphincter surrounding this end of the capillary other than the smooth
muscle of the interlobular vein. A large endothelial cell nucleus (EN)
“guards” the junction. Connections such as this between the peri-
ductal plexus and interlobular veins are relatively rare. x 5500.
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PLATE 4

EXPLANATION OF FIGURES

9 A small portal area. This portal area consists of a distributing vein

10

(PV) giving rise to a large sinusoid (S), a bile duct (BD), a small
terminal branch of the arterial system (ha) and a terminal distrib-
uting vein (pv). The beginning of the sinusoid is “guarded” by two
large endothelial cell nuclei (EN) on either side of the vessel (see
figure 10 for more detail), The arterial system is represented by a
vessel (ha) only slightly larger than a capillary at this point. The
terminal distributing vein is about to be joined by a periductal capil-
lary (arrow). From serial sections it was determined that the capillary
arose from the terminal arteriole (ha). Note the large endothelial cell
nucleus near the junction of the two vessels. Figure 11 shows more
details of this area. X 840.

Endothelial cell at the origin of a sinusoid. This endothelial cell (E)
is found at the origin of the sinusoid (S) off from the portal vein
(PV) of figure 9 (rectangle). The portal vein is to the left. This cell
is continuous with and identical to the endothelium of the portal vein.
It is unfenestrated and is underlain by a basement membrane (BM).
Farther into the parenchyma along the course of this vessel the cell
becomes fenestrated and the basement membrane disappears (arrow).
X 14,000,
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PLATE 5

EXPLANATION OF FIGURES

Periductal capillary joining a terminal distributing vein. This sec-
tion is a few microns from that of figure 9. The terminal arteriole
(ha) had previously given rise to the periductal capillary (C) which
is now joining the terminal distributing vein (pv). The terminal
arteriole is only slightly larger than a capillary and has thin, in-
complete smooth muscle layer around it. The terminal distributing
vein is only slightly larger than a sinusoid, but it has a continuous
unfenestrated endothelium surrounded by a complete basement mems-
brane. A large endothelial cell encircles the capillary at its junction
with the terminal distributing vein. Figure 12 shows more detail of
this capillary. x 4600.

Periductal capillary before joining terminal distributing vein. This
section shows the periductal capillary (C) of figure 11 just before it
joins the terminal distributing vein (pv). A large endothelial cell
nucleus (EN) surrounds the capillary at the junction. Two unmye-
linated nerve fibers (N) are closely related to the endothelial cell
(see fig. 13). x 5600.

Detail of unmyelinated nerve and endothelium from figure 12 (rec-
tangle). The unmyelinated nerve fibers (N) contained both granu-
lated and ungranulated vesicles. They are separated from the endo-
thelium (E) only by a common basement membrane (BM), but are
covered on all other surfaces by a Schwann cell (SC). x 31,000.
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PLATE 6

EXPLANATION OF FIGURES

Periductal capillary ending in a sinusoid. The periductal capillary (C)
leads into the sinusoid (S). Near the hepatic arteriole (ha) from
which it took origin, the vessel is an unfenestrated capillary with a
complete basement membrane (inset, right). A short distance into
the parenchyma the vessel loses its basement membrane, fenestrae
begin to appear (arrow) and it becomes a typical sinusoid such as
figure 15. x 3900 (inset, X 12,000).

Sinusoid. This sinusoid (8) is similar to the vessel at the left of fig-
ure 14, but cut in cross section. It displays typical sinusoid features
such as fenestrae and lack of basement membrane (arrow). The dif-
ferentiated lining cell (KC) contains some phagocytosed material.
Occasionally, these cells span the sinusoid and apparently occlude
it to stop blood flow. X 4500.
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