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ABSTRACT

In considering lymph formation, the
function of the initial lymph sinus is usually
considered a passive process. The cells,
however, of the initial lymphatics hold a key
position in absorbing fluid from the interstitial
space. The present study using rats and guinea
pigs in different days of the estrus cycle or
pregnancy examined by light, scanning
electron, and transmission electron microscopy
suggests that the forming and closing of the
open-junction formations is an active compo
nent of the lymphatic endothelium. Open
interface structures represent a further entry
into initial lymphatic pathways. The existence
of "endothelial cellular buds" probably act
structurally to build elements of the initial
lymph sinus. In short, the endothelium of the
initial lymphatic sinus appears to be a
structure of utmost flexibility able to respond
promptly to increased amounts of lymph fluid
transported from the interstitial space.

The typical endothelium of the initial
lymphatics has a circumference similar to an
oak leaf. Besides regular cell-cell connections,
there are zones of overlapping endothelial
segments forming an inlet valve. Currently,
most investigators consider that the initial
lymphatic function is passive in absorbing
tissue fluid (1-5). When fluid filtration by
blood capillaries increases, the tissue fiber
system stretches by way of the "anchoring
filaments," which connect with the

attenuated basement membrane of the initial
lymphatics. As a result, the lumen of the
initial lymphatics enlarges and the inlet valves
of the open-junction separate thereby facilita
ting an increased uptake of tissue fluid (1-3).

Nonetheless, the range of lymph
production depends on the number of open
junction formations, which in several
experiments have yielded variable results.
For example, in the tunica vascularis of the
uterus of rats or guinea pigs in the diestrous
phase of the sexual cycle, distinctly fewer
open-junctions are visible compared with
estrus or during pregnancy.

When the amount of tissue fluid exceeds
the transport capacity of lymphatics, edema
ensues. Since edema seldom appears in daily
life despite the great demands on lymph
transport, it has been suggested that initial
lymphatics may not be solely passive
structures.

Accordingly, we examined the following
questions:
1. Is the number of open-junction formations

of initial lymphatics and pre-collectors a
constant value?

2. Are other mechanisms acting as pressure
depending inlet valves?

3. Can new initial lymphatics develop on
demand as required; that is, does an
adaptive growth phenomenon exist?

MATERIALS AND METHODS

This study used rats (Wistar strain,
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Fig. 1. Schematic cross section of the uterus of Rattus or Cavia depicting localization for interstitial perfusion (5).

Hannover) and guinea pigs of our own
breeding stock on different days of the estrus
cycle or pregnancy. After narcotization and
killing of the animal, the uteri were prepared
in situ and interstitially perfused in the tunica
vascularis of the antimesometrial side (Fig. 1).
Two steps of solutions were used, first a
chloride-free isotonic medium (Na2S04, 3.3%)
and secondly silver nitrate (0.5% in double
distilled water) at about a 30 cm water
column. Subsequently, the uteri were removed,
fixed in formaldehyde (4% in double distilled
water), and irradiated with UV light for 5
minutes at room temperature. 12 hours later
the fixative was washed out four times in
double distilled water. The uteri were
dehydrated in alcohol and then cleared in
xylene. With a razor blade, parts of the uteri
were cut in slices of 100 ).lm, covered with
DePeX® and examined by light microscopy.

The other parts of the uteri were embedded in
paraffin, cut in slices of 10, 50, and 100 ).lm
by a microtome and then examined in stained
or unstained condition by light microscopy
(stains used: nuclear red, H&E, Goldner,
Azan). Control slices without silver nitrate
perfusion completed the study.

Glutardialdehyde was used instead of
formaldehyde in a second examination. After
perfusion with or without silver nitrate, the
specimens were dehydrated, dried at critical
point, mounted on stubs with conducting
carbon, sputtered with platinum and examined
with a scanning electron microscope (field
emission SEM, Hitachi S-4000) at accelera
tion voltages of 5 and 10 kV, respectively.

To gain insight into the structure of the
cytoskeleton three specimens were perfused
interstitially with a buffer (6) at a 20 cm water
column. Subsequently, 0.1% Triton-X-lOO
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Fig. 2. Space ofapproximately 24 x 24 Jim in the connective tissue of the tunica vascularis surrounded by collagen
fibers. Rattus, 6th day ofpregnancy, lateral of an embryonic field, SEM (5).

Fig. 3. Space ofapproximately 30 Jim in the connective tissue of the tunica vascularis surrounded with the typical
fiber structure and some single cells. FP =filopodia, CO =collagen fibers. Rattus, 17th day ofpregnancy, lateral of
an embryonic field, SEM (5).
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Fig. 4. Oak-leaf pattern of an initial lymphatic in the inner layer of the tunica vascularis. OJ = open-junction
formation, Rattus, diestrus, silver impregnation, LM (4).

was applied for 30 minutes in buffer, the spe
cimens washed in pure buffer, fixed in 0.25%
glutardialdehyde solution, and then prepared
for SEM. Control specimens for examination
were interstitially perfused only with Sorensen
buffer (pH 7.2) followed by glutardialdehyde
(2.5%) and prepared for SEM.

For transmission electron microscopy
(TEM), the uteri were perfused interstitially
with Sorensen buffer (pH 7.2) and glutardial
dehyde (2.5%) successively. Specimens with
edges of 1 mm length were cut, post fixed in
glutardialdehyde overnight and then with
OS04, dehydrated in acetone up to 70%,
contrasted with phosphotungstic acid and
uranyl acetate, dehydrated up to 100% and
embedded in Vestopal®. Ultrathin sections
were examined by TEM (E9 S, Carl Zeiss).

RESULTS

General Observations

During interstitial perfusion of AgN03 or
glutardialdehyde, the solution spread in the
tunica vascularis and was transported mainly
through lymphatics (Fig. 1). The results were
deposits of silver, contrasting especially the
cell-cell junctions of the blood and lymph
vessel endothelium. By light microscopy, in
the cleared slides one can see dark lines at the
cell borders. In lymph vessels, these are so
typical that the differentiation between lymph
and blood vessels was clear.

Tissue Channels

Following the interstitial perfusion of the
tunica vascularis with glutardialdehyde, in
SEM regular spaces with diameters of 25 up
to 100 JIm and larger were visible (Fig. 2,3),
lined only by a network of fibers with meshes
up to 1.2 JIm (Fig. 2). Other spaces were lined
incompletely with endothelial-like, widely
spaced cells (Fig. 3). These cells exhibited
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Fig. 5. Initial lymphatic. Numerous open-junction formations (OJ), partly exhibiting a double-lined system after
treatment with silver nitrate. LM, mounting of three levels of sharpness. Cavia, estrus, LM (4).

Fig. 6. Oak-leaf pattern of an initial lymphatic in the inner layer of the tunica vascularis, lateral of an embryonic
field. Rattus, 18th day ofpregnancy, silver method, SEM (4).
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Fig. 7. Cell borders (CB) of initial lymphatic endothelium in the tunica vascularis, lateral of an embryonic field.
On the cell surface fine granular deposits (GD). Silver method. Rattus, 18th day ofpregnancy, SEM (4).

diameters of 14 x 7 pm and possessed 3 pm
inlets between short processes of 3-4 pm.
These filopodes were connected with the
collagen fiber system of the connective tissue.
These spaces were most frequently visible in
estrus and post-estrus and pregnancy, and
much less in the inter-estrus and pre-estrus
phase.

Initial Lymphatics

The typical endothelial cell of initial
lymphatics possessed the circumference
similar to an oak leaf (Fig. 4-6). Approxi
mately 500 cells existed per mm2• One cell
extended over approximately 2000 pm2• The
cell diameters were 60 x 30 pm, the diameter
of the inlets about 4-8 pm. In SEM the cell
borders were raised, several about 500 nm.
Finely dispersed granules lay on the cell
surface of lymphatics perfused with silver
nitrate, the cell borders of which were closely
covered with these granules. (Fig. 7).

Neighboring cells of the initiallympha
tics demonstrated numerous open-junction
formations after silver impregnation, visible
in light microscopy as dark oval or circular
structures, partly exhibiting double rings
(Fig. 5) along the cell borders. In estrus and
pregnancy the number of open-junction
formations was distinctly greater than in
diestrous (Fig. 4,5). Partial pores were visible
on the cell surface, a typical appearance of an
open-junction formation one can see in SEM
(Fig. 8). The cell borders of neighboring cells
overlapped each other to form an inlet valve.
Each cell possessed up to 15 inlet valves
common with its neighbor. The number of
open-junction formations was about 3750/mm2

(15 x 500/2). Examining in SEM an initial
lymphatic from the backside (Fig. 9), the fiber
texture of the sparse basal membrane is
visible with single filaments of a diameter of
20-30 nm. Interwoven in this network there
were anchoring filaments with a diameter of
50-60 nm radiating in the connective tissue
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Fig. 8. Cell border system of the initial lymphatic including three open-junction formations (OJ) with different
openings (OJ). Cavia, estrus, SEM (4).

Fig. 9. Endothelium of an initial lymphatic viewed from the abluminal side. LE = endothelial cell, OJ = open
junction formation, AF =anchoring filaments, BM =basement membrane, CO =collagen fibers of the connective
tissue. Rattus, 13th day ofpregnancy, SEM (5).
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Fig. 10. Overlapping zone of two endothelial cells of
an initial lymphatic in the basal endometrium. LE =
lymphatic endothelium, ZA = zonulae adherentes,
CO = collagen fibers. Cavia, estrus. TEM, 47,500x
(4).

around the initial lymphatic. On the cut edge
of this specimen an open-junction formation
was visible, but, in contrast to the area beside
this structure, lesser or no filaments of
basement membrane existed. Even TEM
examination showed open-junction formations
of initial lymphatics in the tunica vascularis
underlain by collagen fibers.

Outside of the open-junction formations,
the endothelial cells of the initial lymphatics
were connected with zonulae adherentes. In
TEM (Fig. 10), the overlapping zone of two
cells had a length of about 3}lm. Between the
basal side of one cell and the apical side of
another, two zonulae adherentes existed.

Following treatment with Triton-X-lOO,
elements of the cytoskeleton were visible in
SEM. Above the nucleus, its texture was
relatively compact with a mesh about 75 nm
wide. In contrast, in the perinuclear zone it
was wider and partly formed bundles, partly
existing of single filaments with a mesh about
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150-750 nm wide. Along the cell border was
regularly seen a broad band of filaments
(DPB =dense peripheral band) of the
cytoskeleton with a diameter of 150-300 nm
(Fig. lla,llb). The open-junction formation
in this SEM figure (Fig. lla) was divided into
two parts of 1.5 }lm with a filopodium of
2 }lm of length and a width of 150 nm up to
500 nm contacting the neighboring cell. In
the open space between the two cells, the
underlying basement membrane was visible.
The network of the cytoskeleton in initial
lymphatics was more homogenous in the
perinuclear region, where it was directed in
length by the cells of the pre-collectors (Fig 12).

Despite almost completely demonstrable
lymphatics in the uterus, in the luminal two
thirds of the endometrium lymphatics could
not be visualized either by light microscopy or
electron microscopy. Initial lymphatics were
demonstrable in the basal endometrium only
in primi- or multiparae rats. Here, in the
junction zone between endometrium and
tunica muscularis circularis, initiallympha
tics existed with a diameter of 50-90 }lm,
partly branched and apparently beginning to
taper into the endometrium (Fig. 13,14).
Lymphatics of the inner tunica vascularis
mostly had a radial course, some portions
were slightly enlarged up to the tunica
muscularis circularis (Fig 15).

A particularity was the bud-like cell
formation of an initial lymphatic at the bases
of the endometrium (Fig. 16), demonstrable
in only one uterus of a gravid rat beside an
embryonic field. In SEM this structure
extended from an initial lymphatic, consisting
of circularly arranged spindle-shaped
endothelial cells. The cell diameter was about
3 }lm, the length about 12-14 }lm. A basement
membrane was not detectable in SEM.

DISCUSSION

Tissue Channels

With proper injection, the methods
applied for the demonstration of lymphatic
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Fig. lla. Open-junction formation of an initial lymphatic, Triton-X-100 method. OJ = open-junction formation,
F =filopodium, NZ =nucleus zone, C1 =cell 1, C2 =cell 2. Rattus, pre-estrus, SEM (4).

Fig. llb. Endothelium of an initial lymphatic, zone of an open-junction formation, Triton-X-lOO-method. The
plasmalemma of the superior cell is removed completely. Parallel to the cell border a bundle offilaments (DPB) in
the cell meshes builds up from microfilaments. Rattus, pre-estrus, SEM (4).
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Fig. 12. Endothelium of a pre-collector after treatment with Triton-X-lOO. The plasmalemma of the cells is
completely removed, only elements of the cytoskeleton are visible. Filamentous structures running preferentially in
longitudinal direction of the endothelial cells. NZ =Nucleus zone, CB =Cell border. Rattus, 13th day ofpregnancy,
SEM(5).

cell borders consistently show all lymphatics.
If lymphatics are not seen in a zone which is
otherwise well-marked, there are reliably no
lymphatics present. Of significance, initial
lymphatics in the luminal two thirds of the
endometrium were absent in all examined
slides (7,8). Thus, the existence of initial
lymphatics in the luminal two thirds of the
endometrium can be excluded. This is a
feature of the uterus in context with the
tolerance of the allogenic fetus and sperm. In
the literature there exist different statements
about the existence of lymphatics in the
endometrium of Rattus and Cavia. Most
conclude that there are no lymphatics (9-11)
but Fabian (12-14) describes a subepithelial
fine network of "lymphatic capillaries" with
branches in the deeper endometrium, which
are connected to larger efferent lymphatics in
the basal endometrium. She mainly used
patent blue to reach this conclusion. A
disadvantage of her method, however, is that

nothing can be concluded about histological
structures along the spreading pathway of the
dye. Thus, these structures could either be
"tissue channels" (see below) or lymphatics.
In correspondence with others mentioned in
this study, neither in Rattus nor in Cavia
were lymphatics demonstrable in the luminal
two thirds of the endometrium.

In the absence of endometrial lymphatics
in Rattus and Cavia, a tissue structure must
exist which is responsible for the clearance of
cyclic (estrogen-stimulated) edemas. These
edemas arise from increased permeability of
the epithelium of the subepithelial endometrial
blood vessel plexus corresponding to
variations in hormone concentration (15,16).
In principle, there may exist two perhaps
mutually functional mechanisms: on the one
hand a particular adaptation of the venous
capillary of the endometrial blood vessels,
and on the other hand the so-called "tissue
channels." In gel-interstitium, several authors
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Fig. 14. Open-interface formation near the endo
metrial basis. EC = endothelial cell, OJ = open
junction formation. Cavia, silver method, LM, bright
field, mounting ofseveral photographs (5).

describe the existence of branched finer and
larger channels and spaces filled with aqueous
or wateriness phase of the extracellular
matrix (17-21). Von Recklinghausen (22)
and Kihara (23) describe these structures as
"Saftkanalchen" (little juice channels),
Hauck (19) as "tissue channels" or "low
resistance-pathways," underlining their
function of facilitating the transport of
molecules and particles through the
interstitium. This pre-lymphatic system
normally contains about 1% of free fluid
otherwise bound on the gelatinous phase of
the extracellular matrice (24).

Fig. 13. Initial lymphatics and open-interface
formations (01) near the endometrial basis, visible
in dark field illumination. S = stromal elements of
the basal endometrium, TC = tunica muscularis
circularis. Cavia, estrus, silver method, LM, dark
field (5).
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Fig. 15. 1nitiallymphatic (lL) in the abluminal part ofthe tunica muscularis circularis (TC). TV =tunica vascularis.
Cavia; estrus, silver method, LM (5).

Fig. 16. Basal endometrium. Circularly arranged spindle-shaped cells (SZ) at the end of an initial lymphatic (lL).
Rattus, 6th day ofpregnancy, lateral ofan embryonic field. SEM (5).
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The drainage of endometrial interstitial
fluid from the luminal region of the endo
metrium could reach these low resistance
pathways (19). Such endometrial tissue
spaces to facilitate transport of tissue fluid
should theoretically exist in the basal
endometrium, but have not been described up
to now. Only Fabian referred to this
phenomenon in her studies (12-14). In the
tunica vascularis we demonstrated such
spaces in SEM (Figs. 2,3). After interstitial
perfusion, discrete spaces were visible only
lined by the fiber system of the connective
tissue. (Fig. 2). Single flattened cells are
partly found along the border (Fig. 3), which
apparently connect with the fiber system of
the connective tissue. The outer border of
these cells shows many similarities with
endothelial cells of the initial lymphatics, but
nevertheless, it forms a close layer of cells.
Morphologically, these spaces are tissue
channels with a diameter of a few up to 50 pm
and more, building a system of connections.
In native tissue these spaces may be filled
with free fluid. Such tissue channels can also
be visualized in the mesentery of Cavia
parcel/us (20, 21).

Although it is possible to view the tissue
channels as an artificial structure due to
interstitial perfusion, it is nonetheless very
clear that the injected fluid does not spread
homogenously in the tissue. There exist
regions where the fluid can be transported
without noticeable resistance towards the
initial lymphatics. These are termed "low
resistance-pathways" by Hauck (19).
Remarkably, these tissue channels are
frequently visible in estrus, post-estrus and
pregnancy but less often in the inter- and pre
estrus phase. Thus, a functional adaptation
to a higher "lymphatic load" is reasonable.

Initial Lymphatics, General Endothelial Cell
Borders

Under light microscopy, it is possible to
differentiate between initial lymphatics, pre
collectors and collectors by applied silver

staining (7,25). Whereas initial lymphatics
consist of endothelial cells with an oak-leaf
shape, collector endothelium is rhomboid
shaped and in pre-collectors both forms are
visible. Moreover, many trabeculae exist in
the lymphatic space of the pre-collectors. In
SEM one sees the patterns of the cell borders
well both with or without silver staining.
With silver staining, fine granular deposits of
metallic silver are visible on the cell surface
with an increased presence of deposits along
the cell borders, partly in conglomerates. The
cell borders distinctly bulge up to approxi
mately 500 nm (Fig. 7). A possible interpreta
tion of this phenomenon is reduced shrinking
(-5-8%) during preparation for SEM, due to
silver deposits. In the region of the cell
borders, the silver deposits "compensate" for
this shrinking and bulge formation appears.

Initial Lymphatics, Zonulae Adherentes

Up to now, there is no logical explanation
for the characteristic selective silver deposits
along the cell borders of the endothelium
after contact with a solution of silver nitrate
(26). Nonetheless, the cell borders of initial
lymphatics are well-marked in light
microscopy and SEM. With light microscopy
a double-lined system is often visible at the
cell borders which continues into the open
junction formations, thus producing double
marked ring structures (Fig. 5). With TEM,
the zones of cell-cell contacts show two
electron dense structures over a distance of
300 nm. Casley-Smith (27), Leak (28) and
others describe this contact zones as
desmosomes, partly as tight junctions. The
present study points out that the silver
deposits correlate with these cell-cell contacts.
However, due to the closed lines of the silver
deposits these cell-cell contacts cannot be
desmosomes; they must be zonulae
adherentes. These zonulae adherentes, on the
one hand, serve as anchoring structures for
the dense peripheral filament band (DPB) of
the cytoskeleton (29) and, on the other hand,
they are the structural basis for the contact
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between neighboring cells. The intercellular
cleft is about 15 nm wide. In the cell mem
brane there exist transmembrane molecules
(E-Cadherin and N-Cadherin). The
neighboring catherins are connected with
each other in the intercellular space by means
of calcium ions (Ca2+). These ions are
perhaps the reason for the selective marking
of the cell borders with silver. Within the cell,
transmembrane molecules are bound to
protein linkers on the actin filaments of the
DPB (30). This DPB is a dense 150-300 nm
broad band following the circumference of
the cell, built up by cytoskeletal filaments and
clearly visible after application of the Triton
X-I00 method (6). In endothelial cells of
blood venules, Wong and Gottlieb (31)
determined actin, myosin, tropomyosin,
a-actinin, and vinculin as components of the
DPB. Thus, this DPB band is able to
contract. The cell border is the region where
most cellular performances occur, and it is
likely that the DPB controls cellular
formation. The cellular skeleton, visible after
application of the Triton-X-I00 method,
shows a distinct differentiation between the
endothelium of initial lymphatics and pre
collectors (Fig. 11,12). This finding likely
indicates that different mechanical conditions
exist for endothelial cells in specific formations.
In the initial endothelium the mechanical
forces act from all directions, whereas in the
endothelium of pre-collectors they occur
preferentially in direction of the lymph
stream and at right angles to the stream.

Initial Lymphatics, Basement Membrane

In contrast to blood capillaries, the
basement membrane of the initial lymphatics
is sparse and reduced to a few reticular fibers
(Fig. 9). Lauweryns and Comillie (32,33) also
observed interruptions in the basement
membrane and its absence over long distances.
At higher microscopical magnifications, a
thin layer of fine reticular fibers is seen on the
outer surface of the endothelium. The
reticular fiber network is a system of meshes
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with a diameter of about 150 nm, sometimes
several ).lm, allowing particles to pass through
this membrane. In this network, bigger
collagen fibers are interwoven (so-called
"anchoring filaments") (28,34), radiating into
the surrounding connective tissue. Solito and
co-authors (35) describe these anchoring
filaments as elastic fibers based on immuno
histochemical methods (HB 8). They propose
that this elastic fiber system probably produces
a force that helps transport the lymph
towards the collectors. Further studies on the
molecular nature of the anchoring filaments
are necessary to confirm this assumption.

Initial Lymphatics, Open-Junction
Formations

Beneath the zonulae adherentes, single
cells of the initial lymphatics possess inlets
where neighboring cells overlap one another
(Fig. 8), thus forming inlet valves (2,3). These
open-junction formations are V-shaped
zones, partly stabilized with filopodia (Fig.
11). The "pockets" disappear during dilation
of the vessel resulting in small clefts or round
openings. The diameter of an open-junction
formation is from 3-6 ).lm. In an undilated
condition, a 1 ).lm wide luminal cleft exists for
the free entrance of fluids and particles from
the interstitial space. As each cell has up to
15 inlet valves and in initial lymphatics 500
endothelial cells per mm2 exist, a total
number of approximately 3750/mm2 inlet
valves likely exist. Thus, 2.3% of the surface
of an undilated initial lymphatic is part of the
inlet zone. Dilation can expand part of inlet
zones up to 7% and more and assures an easy
removal of the "lymphatic load" under
normal conditions.

Initial Lymphatics, Theory of an Adapted
Number of Open-Junction Formations

The above-mentioned silver lines visible
in light microscopy often show a double line
system. The uninterrupted ring-shaped silver
line system in the open-junction formation
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Fig. 17. Theory for the interpretation of the double ring respective double line systems of the initial lymphatics after
silver impregnation. Dark filled circles: zonulae resp. maculae adherentes; Light open circle: preformed contact
structures, a site where the greatest amount of silver deposits occurred (4). BM=Basement Membrane.

may be interpreted in the way that elements
of the zonulae adherentes remain in this zone.
In that context, it is remarkable that the
number of open-junction formations in estrus
and pregnancy is apparently increased in
comparison with inter-estrus. This phenome
non is also demonstrable in uteri of swine
(35). A possible conclusion is that due to the

cadherin molecules, the open-junction
formation can be transformed in a short time
into a closed junction with zonulae adherentes
and vice versa (Fig 17). Our finding that the
changing number of open-junction formations
is an active process of the initial lymphatic
endothelium provides new insight into the
functions of these lymphatic vessels. Charac-
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terized previously as passive conduits, these
endothelial cells could qualify as an active
controlling element in lymph production
depending upon the actual situation in the
connective tissue.

Returning to the zonulae adherentes,
another aspect is worth mentioning.
Epithelial as well as endothelial cells are
described as basal, apically polarized cells.
In the epithelium zonulae adherentes they
exist only in the apical part of the cell (30).
In the initial lymphatic endothelium the
zonulae adherentes connects the apical part
of one cell with the basal part of another cell
(Fig. 10). Whereas this arrangement suggests
a relatively low grade of differentiation of
these endothelial cells, it also suggests a
higher flexibility and adaptability. In venules,
cell-cell connections of the endothelium are
described as dynamically reacting structures
(36,37). The process of building up and
regressing takes place within minutes so that
blood cells can migrate readily through the
endothelium. Similar mechanisms are
probably involved in the endothelium of
initial lymphatics forming open- or closed
junction structures relative to the actual
interstitial fluid requirements. The reversible
closing of the cell-cell contacts could consi
derably influence the capacity of transporting
fluids from the interstitial space into the
initial lymphatics. How this phenomenon is
regulated in more detail is not as yet known.
Two key questions arise from this hypothesis:
what chain of signals releases the opening or
closing of open-junction formations and how
can these processes be influenced to reduce
edema? Perhaps this process could be
influenced by medicaments that support
lymph production.

Initial Lymphatics, Open-Interface
Formations

In the above-mentioned "tissue
channels," tissue fluid is transported toward
the initial lymphatics, where specific
structures are often visible - the "open-
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interface formations." In the junction zone
between basal endometrium and the tunica
muscularis circularis there exist more or less
of these formations arising from initial
lymphatics, branching and tapering into the
endometrium (Fig. 13,14) (7,25). The
endothelial cells of this formation (Fig. 14)
show a distinct space between them with
prolongation into the interstitial space of the
endometrium (7,25). Such open-interface
formations have been postulated by Hauck
(19,38,39), and the present study verifies this
morphological structure in the uterus. Studies
by our group in other organs like the tongue
and mesentery (3,8) substantiate a regular
occurrence of open-interface formations.
Even others (32,33,40,41) describe structures
in the basal endometrium corresponding to
these open-interface formations. In this way,
we demonstrate a direct connection between
tissue channels draining interstitial fluid of
the endometrium and the initial lymphatics.
In its function as a pressure relief valve,
greater amounts of tissue fluid, as for
example in estrus, can be transported to the
initial lymphatics, suggesting that the open
interface formation is able to respond to a
greater lymph load.

In the junction zone between endometrium
and muscularis, we were also able to demon
strate in SEM a sprout-like formation arising
from an initial lymphatic (Fig. 16). This
arrangement may be able to build up new
open-interfaces or new initial lymphatics
within a short time under the different
conditions of estrus cycles or pregnancy.
Along these lines, the findings of others on
lymphatic regeneration are of interest (42-44).
Although this structure may only exist in the
uterus, others describe similar cyclic changes
of the lymphatic system of the uterus (41,45-47).

CONCLUSIONS

This study supports that initiallympha
tics are lymphatic vessels with distinct
features and readily distinguished from blood
capillaries. Initial lymphatics have relatively
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wide and variable lumina, their endothelial
cells possess a typical oak-leafed shape and
are extremely flattened. The basement
membrane is remarkably attenuated and
anchoring filaments interweave and radiate
into the surrounding connective tissue.
Typical elements are the open-junction
formations, valve-like structures, and
trabecular endothelial processes (3). TEM of
others support the active components in
lymph production performed by initial
lymphatics (48). All these features attest to a
vessel formation for which the term
"capillary" is unsuitable. Because of the
numerous similarities with "sinusoids," the
expression "initial lymph sinus" is proposed
(1,49), which is supported by findings in the
present study.

The endothelium of initial lymphatics is
characterized as a flexible structure with the
ability to respond to higher tissue fluid
demands and the need to transport more
lymph. These facts lead to the following
hypothesis (Fig. 17).

1. Normally, there is a dynamic fluid
balance and the lymphatic capacity is
sufficient to transport interstitial fluid.

2. Higher lymphatic loads promote an
increased diameter of the initial
lymphatics and the open-junction
formations are widely dilated.

3. Minimal edema (lasting a few hours?)
promotes an increased number of open
junction formations of the initial
lymphatics.

4. Widening of the open-interface formations
or the proliferation of these structures
from an endothelial bud may be regarded
as a result of chronic edema. These buds
may also be the structural basis for the
organization of new initial lymphatics.

ACKNOWLEDGMENTS

I thank H. Gaertner for the preparation
of the samples for this study, H. Ruehling for
taking the SEM pictures, and C. Staedele for

proof-reading the manuscript. I am also
indebted to the late deceased Professor
Castenholz, who had pointed out the distinct
role of the initial endothelium in many of his
studies. Last, but not least, I thank Professor
Weissleder who has promoted all my
lymphological works in recent years and to
the DGL (German Association of
Lymphology) for supporting us with a new
digital camera system.

REFERENCES

1. Castenholz, A: Funktionelle Mikrostruktur
initialer LymphgefaBe. In: Lehrbuch der
Lymphologie fur Mediziner und
Physiotherapeuten. FOldi, M, S Kubik, (Eds.),
Fischer, Stuttgart, 1999, 206-220.

2. Castenholz, A, H Zoltzer: Neue Erkenntnisse
zur strukturellen Grundlage der
Lymphbildung. Z. Lymphol. 13 (1989), 23-31.

3. Castenholz, A, H, Zoltzer: Die lymphbildende
Funktion des Bindegewebes und ihre
Dekompensation im Odemfalle. Vasomed 6
(1990), 35-40.

4. ZOitzer, H: Das initiale Lymphendothel ist
aktiv an der Lymphbildung beteiligt.
LymphForsch 5/1 (2001), 7-17.

5. Zoltzer, H: Initiale Lymphsinus-Morphologie
und Funktion der Endothelzellen. Neue
Aspekte zur funktionellen Anatomie der
initialen Lymphstrombahn. LympForsch 5/2
(2001),53-64.

6. Sawada, H: A method for scanning electron
microscopy of mitotic apparatus of cells in
culture. Scanning Electron Microscopy I
(1984),216-266,309-314.

7. ZOitzer, H, A Castenholz: Tierexperimentelle
Darstellung von LymphgefaBen im Uterus des
Meerschweinchens. Vasomed 8 (1990), 28-33.

8. Castenholz, A, H Zoltzer: Neue Erkenntnisse
zur immunbiologischen Bedeutung des
Endothels initialer Lymphbahnen mit Hilfe
der konfokalen Laser-Scanning-Mikroskopie.
Eur. J. Lymphol. 19/5 (1995), 75-85.

9. Head, JR, IJM Lande: Uterine lymphatics:
passage of ink and lymphoid cells from the
rat's uterine wall and lumen. BioI. Reprod. 28
(1983),941-955.

10. Hoggan, G, FE Hoggan: On the comparative
anatomy of the lymphatics of the uterus. J.
Anat. Physiol. (London) 16 (1882), 50-89.

11. Malaney, TT, 0 Reid, RJ Scothorne: On the
distribution of lymphatic vessels in the uterus
of the non-pregnant CBA mouse. J. Anat.
(London) 131 (1980),754.

Permission granted for single print for individual use. 
Reproduction not permitted without permission of Journal LYMPHOLOGY .



24

12. Fabian, G: The lymphatic vessels of the uterus focal silver staining at endothelial gaps in
during the sexual cycle of the mice. inflamed venules examined by scanning
Lymphology 9 (1976) 78-82. electron microscopy. Am. J. Physiol. 269

13. Fabian, G: The cyclic changes of the lymph (Lung Cell Mol Physiol13) (1995), L403-L418.
vessels in the uterus of the mouse which has 27. Casley-Smith, JR: Endothelial permeability -
been pregnant. In: Progress in Lymphology, the passage of particles into and out of
Mayall, RC, MH, Witte MH (Eds.), Plenum diaphragmatic lymphatics. Quart. J. Exp.
Press, New York, 1977,89-94. Physiol. 49 (1964), 365-383.

14. Fabian, G: Investigations on the uterine 28. Leak, LV: Electron microscopic observations
lymphatics of juvenile mice up to the onset of on lymphatic capillaries and the structural
sexual maturity. Lymphology 11 (1978), components of the connective tissue-lymph
123-127. interface. Microvasc. Res. 2 (1970), 361-391.

15. Friederici, HHR: The early response of 29. Gottlieb, A, BL Langille, MKK Wong, et al:
uterine capillaries to estrogen stimulation. Biology of disease. Structure and function of
An electron microscopic study. Lab. Invest. the endothelial cytoskeleton. Lab. Invest. 65/2
17 (1967), 322-333. (1991), 123-137.

16. Takemori, K, H Okamura, Y Kanzak, et al: 30. Alberts, B, D Bray, A Johnson, et al:
Scanning electron microscopic observations of Lehrbuch der Molekularen Zellbiologie.
microcorrosion cast for non-pregnant rat Wiley-VCH, 1999,654 pp.
uterine vascular architecture. Acta Obstet. 31. Wong, MKK, AL Gottlieb: Endothelial cell
Gynaec. Jpn. 34 (1982), 729-737. monolayer integrety. I. Characterization of

17. Casley-Smith, JR: "Prelymphatic": A dense peripheral band of microfilaments.
question of terminology? Experientia 38 Arteriosclerosis 6 (1986), 212-219.
(1982) 1123-1124. 32. Lauweryns, JM, FJ Cornillie: Fluid and

18. Castenholz, A, G Hauck: Untersuchungen zur protein clearance in the endometrium. Part I:
morphologischen Grundlage pralymphatischer Ultrastructural proof of the absence of an
Kanale im Mesenterium. 11. Jahrestag Ges. intrinsic lymphatic system from the rat endo-
Mikrozirkul., Heidelberg, 1987,63. metrium. Experientia 40 (1984),1262-1264.

19. Hauck, G: Origin of the mesenteric lymphatics 33. Lauweryns, JM, FJ Cornillie: Topography
and their topical relationship to the blood and ultrastructure of uterine lymphatics in
capillaries. Bibl. Anat. 12 (1973), 356-360. the rat. Europ. J. Obstet. Gynec. Reprod. BioI.

20. Hauck, G, A Castenholz, H ZOitzer: Vital 18 (1984), 309-327.
microscopic and electron microscopic findings 34. Leak, LV, FJ Burke: Electron microscopic
concerning the topical relationship between study of lymphatic capillaries in the removal
the lymphatic and prelymphatic system. of connective tissue fluids and particulate
Microcirculation, Elsevier Science Publishers substances. Lymphology 1 (1968), 39-52.
B.V. (Biomedical Division) 1, 1987, 165-167. 35. Doboszynska, T, A Andronowska, L

21. Rettberg, U, A Castenholz, H Zoltzer: Janiszewska, et al: Morphological features of
Untersuchungen zur strukturellen Organisation lymphatic and mesothelial communications in
initialer LymphgefaBe im Mesenterium des the broad ligament of the pig. Lymphology
Meerschweinchens. In: Lymphologica. Berens 32/4 (1999), 132-150.
v. Rautenfeld, D, H Weissleder (Hrsg.), 35. Solito, R, C Alessandrini, M Fruschelli, et al:
Jahresband 1992, Karger, Bonn, 27-30. An immunological correlation between the

22. Von Recklinghausen, F: Die Lymphgefiifie und anchoring filaments of initial lymph vessels
ihre Beziehung zum Bindegewebe. Hirschwald, and the neighboring elastic fibers: A unified
Berlin, 1862. morphofunctional concept. Lymphology 30

23. Kihara, T: Das extravaskuIare Saftbahnsystem. (1997), 194-202.
Fol. Anat. Jap. 28 (1956), 601-626. 36. Dejana, E, M Corada, MG Lampugnani:

24. FOldi, E, M, FOldi: Physiologie und Endothelial cell-to-cell junctions. FASEB
Pathophysiologie des LymphgefaBsystems. In: Journal 9 (1995), 910-918.
Lehrbuch der Lymphologie fur Mediziner und 37. Dejana, E, A Delmaschio: Molecular organi-
Physiotherapeuten. FOldi, M, S, Kubik (Hrsg.), zation and functional regulation of cell to cell
Fischer, Stuttgart, 1999,237-274. junctions in the endothelium. Thrombosis and

25. Zoltzer, H: Zur Organisation des Haemostasis 74 (1995), 309-312.
LymphgefaBsystems im Uterus von 38. Hauck, G: Der Bindegeweberaum aus der
Meerschweinchen und Ratte. Verh. Anat. Ges. Sicht der Lymphologie. Fol. Angiol. 28 (1980),
85 (Anat. Anz. Suppl. 170) (1991), 353-354. 200-203.

26. Hirata, A, P Baluk, D McDonald: Location of 39. Hauck, G: Prelymphatic pathways. In: The

Permission granted for single print for individual use. 
Reproduction not permitted without permission of Journal LYMPHOLOGY .



25

Initial Lymphatics. Bollinger, A, H Partsch,
JHW Wolfe (Eds.), Thieme, Stuttgart, 1985,
SO-57.

40. Head, JR, LL Seelig: Lymphatic vessels in the
uterine endometrium of virgin rats. J. Reprod.
Immunol. 6 (1984),157-166.

41. Head, JR, RE Billingham: Concerning the
immunology of the uterus. Am. J. Reprod.
Immunol. Microbiol. 10 (1986), 76-81.

42. Anthony, JP, RD Foster, DC Price, et al:
Lymphatic regeneration following
microvascular limb replantation: a qualitative
and quantitative animal study. J. Reconstr.
Microsurg. 13 (1997), 327-330.

43. Slavin, SA, AD Van Den Abbeele, A Losken,
et al: Return of lymphatic function after flap
transfer for acute lymphedema. Ann. Surg.
299 (1999), 421-427.

44. Pepper, MS: Lymphangiogenesis and tumor
metastasis. Clin. Cane. Res. 7 (2001), 462-468.

45. Otsuki, Y, Y Maeda, S Magari, et al:
Lymphatics, intraepitheliallymphocytes and
endometrial lymphoid tissue in the rabbit
uterus: An electron microscopic and
immunohistological study. Lymphology 23
(1990), 124-134.

46. Leak, LV: Lymphatics of the uterus in the
rabbit and rat. Anat. Rec. 175 (1973), 396.

47. Ji, RC: Enzyme-histochemical investigations
on the lymphatics of the intrinsic uterine wall
in the monkey. Biomedical Research-Tokyo
19/6 (1998),347-355.

48. Cornford, ME, WH Oldendorf: Terminal
endothelial cells of lymph capillaries as active
transport structures involved in the formation
of lymph in rat skin. Lymphology 26 (1993),
67-78.

49. Castenholz, A, D Berens v. Rautenfeld, D
Zum Begriff: LymphkapillareA aus
rasterelektronenmikroskopischer und
funktioneller Sicht. Verh. Anat. Ges. 81
(1987),749-750.

Hellmuth ZOltzer, PD
Universitat Kassel
FB 19, Abteilung Zellbiologie
Arbeitsgruppe Humanbiologie
Heinrich-Plett-Str. 40
34132 Kassel, Germany

Permission granted for single print for individual use. 
Reproduction not permitted without permission of Journal LYMPHOLOGY .




