








Ultrastructure offenestrations in endothelial choriocapillaries of the rabbit

difference between diaphragm measurement on the
E face and P face is attributed mainly to difficulties
in measurements, as stated above.

In our study we have postulated the existence of
peripheral particles at the pore's rim. Eight regu-
larly arranged particles were shown and their

octagonal pattern was enhanced repeatedly by the
Markham method", in different pores, implying a
consistent substructure. In occasional pores fine
radiating rays could be observed connecting the
peripheral particles with the diaphragm. The exist-
ence of such connections raises the possibility that

I
Fig. 5 Rotation oJ pores
according to the Markham
method. Top row shows the
unrotated prints. The 2 on the
left side are pores on the Eface,
the 2 on the right are on the
P face. Rows 2, 3, 4, 5, 6, 7
represent rotations oJ n=3, 4,
5, 7, 8, and 10 respectively.
Marked enhancement results at
n=8 rotations. Note (arrow)
that occasionally enhanced P face
particles looked as if composed
oJ 2 subunits.
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Fig. 6 Schematic drawing of
possible cleavage planes within
the fenestrae. A. Cleavage
plane splitting the Bruch's
membrane orientated side.
B. Cleavage plane splitting the
scleral orientated side. C.
Cleavage plane passing by the
tenestral elements.
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these intrafenestral structures may be involved in
the control of macromolecular leakage by active
stretching and relaxing of the diaphragm, thus
changing the diameter of the passages available for
macromolecular permeability from the choroid to
the retina. This study was not aimed at investigating
the occurrence of contractile elements associated
with the peripheral particles. The possibility that
the intrafenestral system acts as a sieve-like mecha-
nism cannot be excluded and deserves a further
study.
The calculated space of 12-0-12-7 nm between

diaphragm and peripheral particles corresponds
well with the 'small pore' theory, enabling small
molecules such as peroxidase (5 nm) to pass through
the pores, while larger molecules like ferritin (11 nm)
cannot pass freely.11 If, as suggested by Maul,'0 the
pore is created by fusion of the 2 adjacent mem-
branes, one has to presume that the appearance of
the fenestrae on the P face would fit with its counter-
part on the E face. This is true to a limited extent.
The pattern of practically all pores on the P face,
when compared to each other, was found to be
similar; the same applies to those observed on the
E face. However, it would be expected that if the
peripheral particles on one face are protruding, the
other fractured face will show their imprints,
namely, small shallow 'craters'. That was not the
case, as protruding peripheral particles were
observed on both fractured faces. A possible

E face

Fig. 7 Schematic presentation
of possible integral proteins
crossing the fused membranes
which form the fenestration.
Possible cleavage planes
through these integral proteins
are also depicted.

P face

explanation might be that the protruding particles
observed on both faces represent 2 halves or 2
subunits of integral proteins which cross the 2
fused membranes, and that the cleavage plane
passed through them rather than around them.
The possible cleavage planes within the fenestral

elements are schematically depicted (Fig. 6). A
possible cleavage plane sparing the diaphragm
(above it or below it), thus creating a smooth face
inside the pore, is also included. Several pores of
that appearance were encountered. If the pore
elements are considered to be formed as a result of

Fig. 8 A possible 3-dimensional model of a chorio-
capillary endothelialfenestration. The calculated
space between diaphragm and peripheral particles was
Jound to be 12-0-12-7 nm.
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adhesion or fusion of endothelial cell membranes,
the P faces should be adjacent to the centre of the
pore, while the E faces are external. The similarity
of practically all E face pores and P face pores
favours the possibility of a symmetrical arrange-
ment at the width of the pores' element.

Fig. 7 shows schematically why the repeatedly
protruding particles on both the E face and P face
might be explained by the passage of the cleavage
plane through the postulated integral proteins.
Having described the regularity of the 8 peripheral
particles with their average size and possible con-
nections with the diaphragm, we suggest a possible
3-dimensional model of the fenestration in the
choriocapillary (Fig. 8).

This study was supported by a grant from the Israeli Ministry
of Health.
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