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Summary 

Intraperitoneally injected latex particles with a dia
meter of I ,I 11 are resorbed via the subperitoneal 
diaphragmatic lymphatics.The latex particles 
enter the lymphatics by stomata. These are formed 
by simultaneous intracellular gaps between neigh
bouring mesothelial and endothelial cells in the 
tissue barrier, between the lumen of the lymph 
vessels and the peritoneal cavity. A transcellular 
passage (cytopempsis) does not occur . Stomata 
occur where collagenous fibres and a submeso
thelial basement membrane are absent. Due to the 
complete absence of collagenous fibres in the area 
of the stromata particles smaller than the diameter 
of the stomata may be resorbed easily. 

Introduction 

Intraperitoneally injected dyes, Indian ink, 
and avian red cells are resorbed via the sub
peritoneal diaphragmatic lymphatics I - 3, 
5 , 7- 12, 13 - I6). The resorption takes place 
in the tissue barrier between the lumina 
of dilated lymphatics (lacunae) and the 
peritoneal cavity (I), described as "roofs 
of the lacunae" (7). 
Electronmicroscopic studies following intra
peritoneal injection oflndian ink (3,4 , 7, I7) 
have shown that the roof of the lacunae 
consists of a layer of mesothelial cells, a 
sebmesothelial basement membrane, colla
genous fibres and an endothelial cell layer of the 
lymphatics. 
Carbon particles pass the mesothelial and 
endothelial cell barrier through intercellular 
gaps , but they are also phagocytized and 
transported by means of pinocytosis (trans
cellular passage) (IO) .. 
According to several authors ( 4 , 7, I7) the 
layer of collagenous fibres is incomplete , 
with holes in the area of the stomata . 
This submesothelial network of fibres is 
considered to limit the size of the particles 

which can be resorbed after intraperitoneal 
injection (7) . 
The literature contains different opinion 
about the existence of a basement membrane 
in the roof of the lacunae. easley-Smith (4) 
considered the basement to be "poorly de
fined" , French eta! (7) found it to be incom
plete ; and Kotani et al (1 0) stated that in the 
area of the stomata usually no basement 
membrane is found. 
The present investigations with latex par
ticles (diameter 1 ,I p.) were determined to 
elucidate the following questions: 
I . Is the resorption of latex particles due 

to transcellular and/or intercellular mecha
nisms , although they are much larger than 
carbon particles? 

2 Can a principal structure of the roof of the 
lacune be found , especially in view of the 
existence of a basement membrane and of 
the distribution of the submesothelial col
lagenous fibres? 

3 . Which is the lin1iting factor for the size 
of the stomata? 

Material and Methods 

Two male and two female Wistar rats were 
injected intraperitoneally with 2 ml of a 
suspension of latex particles with a diameter 
of 1,1 JJ.. Twenty minutes to four hours 
following the injection the diaphragm was 
removed and fixed in phosphate buffered 
glu taraldehyd. Tissue specimens were post
fixed in Os04 , dehydrated and embedded 
in araldite. Ultrathin sections , obtained 
by means of an Ultrotome III LKB , were 
stained with uranyl acetate and lead citrate 
and examined with the Zeiss Elmiskope 
EM 9- S2. 
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Fig. l . General view of a subperito
neal diaphragmatic lymph vessel (L) 
The tissue between its lumen and the 
peritoneal cavity (P) cons.ists of meso
thelial cells (M), submesothelial colla
genous fibres (K) and endothe lial 
cells (E). There ist no poss ibility of 
passage for latex particles through 
this compact barrier. Phagocytosis of 
latex particles by mesothelial cells is 
shown(-+). (M m =diaphragmatic 
muscle bundles) . x 2350 

R esults 

The lumina of the subperitoneal diaphrag
matic lymphatics and the peritoneal cavity 
(Fig. 1) are separated by a tissue barrier 
consisting of mesothelial cells , submeso
thelial collagenous fibres and a rather thin 
endothelial cell layer. 
The cytoplasma of the mesothelial cells, 
abundant in the area of the nucleus , is very 
thin at the margins. These cells have many 
microvilli on the surface. The mesothelial 
cells phagocytize the injected latex par-
ticles. In areas with a complete and thick 
layer of collagenous fibres , however, latex 
particles are not able to pass the tissue barrier 
because of its compactness. 
Although the mesothelial cells are able to 
phagocytize many latex particles the entry 
of these particles into the submesothelial 
space could never be seen (Fig. 2). Outside 
the stomata (Fig. 4) latex particles were 
never found in the submesothelial region 
as would be the case if there were trans
cellular transport (cytopempsis) . 
Latex particles are also phagocytized by 
endothelial cells. But in these cells they 

are also situated near the lumen , and the 
uptake of latex particles from the submeso
thelial space was never seen. Therefore it 
may be concluded that latex particles which 
have been resorbed via the stomata into 
the lymphatics , are only phagocytized by 
the endothelial cells secondarily. Thus the 
phagocytosis of the latex particles by the 
mesothelial and endothelial cells is no evi
dence of transcellular transport. 
In other areas of the lacunae (Fig. 3) col
lagenous fibres are confirmed in bundles. 
Between them the tissue barrier is especial-
ly thin . Only in such areas and only beneath 
junctions between neighbouring mesothelial 
cells are an accumulation of latex particles 
observed as a result of a transport. Wide 
intercellular gaps between neighbouring 
endothelial cells are passed by latex particles. 
The lumen of the lacune is separated from 
the peritoneal cavity only by thin cyto
plasm processes of neighbouring meso-
thelial cells because in these areas a basement 
membrane is also absent. On the other hand 
outside the stomata a continous basement ' 
membrane may be identified . 
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Complete stomata only develop when the 
mesothelial cells also fom1 wide intercellular 
gaps (Fig. 4). Here a free communication 
between the peritoneal cavity and the lumen 
of the lacune is produced. Although this 
passes a massive accumulation of latex par
ticles. 
In many ultrathin sections of the roofs of 
the lacunae the following principal structure 
could be found: 
The roof of the lacune consists of a me
sothelial cell layer, an underlying basement 
membrane, a layer of collagenous fibres of 
different thickness, and an endothelial cell 

Fig. 2. Latex particles are phagocy
tized by mesothelial (M) and endo
thelial (E) cells. The submesothelial 
space (S) is free of latex particles. 
The basement membrane (f) is just 
visible. (P = peritoneal cavity, 
L = Lacune). x 7350 

Fig. 3. Roof of a lacuna (L). The 
collagenous fibres (K) are in compact 
bundles. There is a wide intercellular 
gap between neighbouring endothe
lial cells (E), with an accumulation of 
latex particles. Due to the absence of 
a basement membrane in this area the 
roof consists only of thin mesothelial 
cells (l = intracellular junctions). 
Outside the stomata a continous 
basement membrane is found (t). 
(P = pertioneal cavity). x 7000 

layer. Outside the lacunae the collagenous 
fibres form a compact tissue barrier. They 
are almost periodically arranged , however, 
in the roofs of the lacunae . Where the bundles 
of collagenous fibres are situated directly 
beneath the mesothelial intercellular spaces , 
they consolidate the roof, and stomata 
cannot occur. In areas where no collagen-
ous fibres are found beneath the intercellu
lar spaces, wide intercellular gaps between 
neighbouring mesothelial and endothelial 
cells are fanned producing a free communi
cation between the peritoneal cavity and 
the lymphatics (stomata). 
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Fig. 4. Stoma between neighbouring 
mesothelial (M) and endothelial (E) 
cells, without a basement membrane 
and collagenous fibres. Compact 
bundles of collagenous fibres (K) Lie 
around the stoma . There is a free 
communication between peritoneal 
cavity (P) and the lacune (L) . 

X 5750 

Fig. 5 . Principal structure of the roof 
of the lacune (L): Compact bundles 
of collagenous fibres (K). Stomata, 
filled with latex particles (I x) formed 
by separated mesothelial (M) and 
endothelial (E) cells, in areas where 
collagenous fibres and a basement 
membrane ( - - - ) are absent. Phago
cytosis of latex particles by mesothe
lial and endothelial cells. No trans
cellular transport . 

Discussion 

Whereas carbon particles may cross the 
mesothelial cell layer through intercellular 
gaps and by means of cytopempsis (transcel
lular transport) ( 10), latex particles with a 
diameter of 1,1 !J. enter the su bperi to neal 
diaphragmatic lymphatics exclusively via 
the stomata, although many of them are 
phagocytized - especially in the vicinity 
of the stomata. Considering how easily a 
large number of carbon particles (with a 
diameter of 0,05 - 0 ,065 !J.) passes from the 
stomata into the lacunae it is obvious that 
the transcellular transport even for carbon 
particles is quantitatively not important. 
In the literature there are differing opinions 
concerning the existence of a basement mem
brane in the area of the lacunae (4 , 7, 10 ) . 
From our studies it can be concluded 
however, that in the area of a stoma c'olla-

p 

genous fibres and a basement membrane which 
might impede the process of resorption 
are completely absent. Therefore the par
ticles, passing through the stomata , do not 
have to cross a submesothelial network of 
collagenous fibres . Thus the limiting factor 
for the size of the particles which are able 
to be resorbed , is the distance between 
the separated mesothelial and endothelial 
cells. It may be possible that the stomata 
can be stretched during the passage of some 
bigger particles. 
The lacunae stomata can only occur in areas 
where collagenous fibres and a basement 
membrane are absent. Thus the location of 
the stomata is structurally detennined and , 
therefore , they always occur at the same 
place. Tactile stinmli may play a role in 
their fonnation (6). 
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