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A B S T R A C T  

The thinnest areas of the capillaries of the choroid plexus and ciliary processes in the eye 
of the rabbit are characterized by the presence of fenestrae. When various colloidal particles 
opaque to the electron beam (thorotrast, gold sol, and saccharated iron oxide) were injected 
into the blood stream, none were found in fenestrae or in areas that might suggest their 
having passed through fenestrae. The passage of marker particles from the lumen to the 
surrounding connective tissue does take place on occasion in the areas of thicker walls in 
the capillaries and venules rather than in the attenuated and fenestrated endothelial walls. 
The pathway taken by these markers may be either through the cytoplasm of the endo- 
thelial cells via membrane-bounded vesicles and vacuoles or through the intercellular spaces 
of the vessels. An altered aqueous humor  (cloudy and plasmoid) was produced by endotoxin 
injection or by making a draining fistula in rabbit  cornea. Both methods gave rise to the 
same changes in the blood vessels of the ciliary processes. Under  such conditions of in- 
f lammation the passage of colloidal particles through the thicker walls of the capillaries and 
venules was greatly increased and occurred primarily as an intercellular passage between 
the endothelial cells. The attenuated and fenestrated areas of the endothelium of the small 
capillaries remained unchanged with no particles passing through them. These results on 
the altered vessels of the ciliary processes parallel those of Majno and Palade (26) on the 
rat cremaster muscle. 

I N T R O D U C T I O N  

In  certain areas known for fluid transport, such 
as the renal tubule (1), intestinal villi (2, 3), 
ciliary body of the eye (4) and the choroid plexus 
(5, 6), the capillaries tend to have a similar 
appearance. They possess a very attenuatcd 
endothclium with fcnestrae ranging in diameter 
from 300 to 500 A. 

The  renal glomerular endothelium conforms to 
this general pattern, although the pores are larger, 
more numerous and are regularly arranged. The  

transendothelial passage of opaque markers to the 
basement membrane of the kidney glomerulus 
via these fenestrae or pores has been described 
(7, 8). 

Both the ciliary processes of the eye and the 
choroid plexus are normally engaged in secretion, 
the ciliary processes in aqueous humor  formation 
and the choroid plexus in the formation of 
cerebrospinal fluid (9). The  fine structure of the 
capillaries of the ciliary processes and choroid 
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FIGURE 1 

Electron mi c rog raph  of a por t ion of a capil lary in the  ciliary processes of an  adu l t  a lbino rabbi t .  
T h e  endothel ia l  cell (E) is abou t  300 A thick at the  mos t  a t t enua ted  area. Fenest rae  or pores (P), 
abou t  400 A wide, are i r regular ly scattered along the a t t enua ted  endothe l ium.  The  pore space is 
t raversed  by a d i a p h r a g m  which  is less dense a n d  th inne r  t h a n  the  endothel ia l  cell m e m b r a n e .  T h e  
ba semen t  m e m b r a n e  (BM) is con t inuous  and  has  a more  condensed  fibrous s t ruc ture  about  250 A 
f rom the  surface of the  endothel ia l  cell facing the  connect ive tissue (CT). X 35,000. 

FIGURE 

Electron mi c rog raph  of a thin wailed port ion of a capil lary of the  ciliary body.  Thoro t ras t  was in- 
j ec ted  in t ravenously  30 minu tes  before the  tissue was fixed. Particles (Pa) of ThO~ have  left the  blood 
a n d  have  entered the  connect ive tissue (CT). A small  prot ion of a connect ive tissue cell in this section 
conta ins  vacuoles (V) con ta in ing  ThO2 particles. Marke r  particles arc found  in great  a b u n d a n c e  in 
the  l u m e n  (L) of the  capillary.  However ,  few if any  particles have  been found in t ransi t  t h r o u g h  these 
fenestrated and  very thin areas  of endothe l ium.  Marke r  particles have  been found apparen t ly  passing 
t h r o u g h  thick walled blood vessels (scc Figs. 4 to 6). X 42,000. 
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plexus has been described previously (4, 10, 5, 6). 

In contrast to the situation described in the renal 

glomeruli, the endothelial fenestrae of these 

capillaries are less numerous, are smaller (300 A) 

and are irregularly disposed along the at tenuated 
endothelial cell wall. In  order to determine the 

effect of the thickness of the endothel ium and the 
patency of these capillary fenestrae on transport  

activity, various colloidal particles opaque to the 
electron beam (thorotrast, gold sol, and sac- 
charated iron oxide) were injected into the blood 
stream and subsequently were observed in the 
electron microscope. 

When  normal aqueous humor  secretion is 

altered so that  the "blood-aqueous barrier" is no 
longer maintained,  a cloudy and plasmoid aqueous 
results. In  this study such an altered aqueous 
humor  was brought about  by endotoxin injection 
(11) or by making a draining fistula in the cornea 
of rabbits (4, 12). In  order to determine the 
changes from the normal pathway in vascular 

transport of colloidal particles, the blood vessels of 
the ciliary processes of these animals were studied. 

M A T E R I A L S  A N D  M E T H O D S  

Tissue was taken from immaturc and adult rabbits, 
of Dutch and albino strains. Colloidal particles wcre 
injected into an car vein 20 minutes to 2 hours before 
the ciliary processes and choroid plexus were fixed. 
In the newborn rabbits, the injection was given 
intracardially. Thorotrast (Testagar & Co., Detroit, 
Michigan), a suspension of 25 per cent ThO2 
stabilized with dcxtran, was used in a concentration 
of 1 ml per 250 gm body weight. A 40 per cent 
conccntration of saccharated iron oxide (Amend & 
Co., New York City) was made up in distilled H20 
and one ml per 250 gm body weight was used. Lange's 
colloidal gold solution (Mager Chcmicals, Inc., Corn- 
wall Landing, N. Y.) was concentrated about five 
times by evaporation and 1 ml/250 gm body weight 
was subsequently used. 

Shigella endotoxin, kindly supplied by Professor 
Seymour Halbert of the Department of Ophthal- 
mology, was suspended in water and 1 microgram/ 
250 gm body weight was injected into the ear vein. 
Slit-lamp examination showed that aqueous humor 
in the anterior chamber became cloudy between 2 
and 3 hours after endotoxin injection, indicating 
that a plasmoid aqueous was being formed. 

A fistula was cut into the cornea and kept patent 
by removing the clotted plasmoid aqueous every few 
minutes with fine forceps. 

A 1 per cent OsO4 solution buffered with Veronal 
acetate at pH 7.4 was used as a fixative for the choroid 
plexus. The fixative was injected directly into the 
third ventricle so that fixation started in situ prior to 

removal (6). Total fixation time was 1 to 1 ~  hours 
at 4°C. The ciliary processes were also fixed in situ, 
i.e., the fixative was injected directly into the eyeball 
(13). Subsequently, the processes were removed and 
placed in cold fixative (4°C) for 1 to 1 ~  hours. 
The 1 per cent OsO4 solution used to fix the ciliary 
processes was buffered at pH 8.2 and CaCI2 was 
added (0.01 per cent) to the solution just before it 
was used. Both tissues were dehydrated in cold 
ethanol and embedded either in a methacrylate 
mixture (80 per cent butyl and 20 per cent methyl 
methacrylate) or Epon 812. 

Sections were cut on a Porter-Blum microtome and 
examined in an RCA EMU 3-C or 3-F electron 
microscope. 

O B S E R V A T I O N S  

The walls of the finest capillaries in the choroid 
plexus and the ciliary processes have some areas 
that  are extremely thin. These areas are composed 

of single, narrow cytoplasmic sheets (250 to 300 A) 

FIGURE 3 

A portion of a capillary of the choroid plexus of a 
newborn rabbit fixed 30 minutes after the injcction 
of thorotrast. Particles of ThO~ can be found in 
the lumen (L) but, as in the case of similar atten- 
uated areas of capillaries in the ciliary body (Fig. 
2), no markers can be found in transit through 
the endothclium (E) or through the pores (P). 
Marker particles have been found apparently pass- 
ing through the thicker walled blood vessels (sce 
Figs. 4 to 6). X 42,000. 
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FIGURE 

Electron micrograph of a blood vcsscl in the choroid plexus. This vessel has a thicker wall than that 
shown in Fig. 3. This tissue of a newborn rabbit was fixed 13~ hours after the intracardial injection 
of thorotrast. Particles of ThO2 arc found adhering to the endothelial cell membrane in the lumen 
(L). Apparently the particles (at arrows) reach the connective tissue (CT) by traversing the cndo- 
thelial cell apparently by means of vesicles (V1) and larger vacuoles (V2). Such intracytoplasmic 
passage of marker particles is sometimes found in these thicker walled vessels and not in the thinncr 
fenestratcd vessels. X 40,000. 

which contain local discontinuities or fenestrae 
which are 300 to 400 A in diameter  (Figs. 1 and 
2). The margin of the fenestrae is formed by the 
cell membrane  which passes (or is reflected) from 

the luminal surface and connective tissue surface 
of the endothelial cell. The  pore space is covered 
by a d iaphragm similar to that  present in the 
fenestrae of endocrine capillaries (14, 15). The  
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FIGURES 5 AND 6 

Electron mic rographs  of endothel ia l  cell junc t ions  of vessels in the  choroid plexus of rabbit .  Thoro -  
trast  was injccted in t ravenously  30 min .  before fixation. Occasional ly  some particles (Pa) of ThO2 can  
be found  in the  intercel lular  ma rg i n  between ad jacen t  endothel ia l  cells. T h e  t e rmina l  ba r  a rea  is 
present  a n d  the  wid th  of the  intercel lular  space appears  normal .  Thus ,  an  intracel lular  (Fig. 4) a n d  an  
extracel lular  (Figs. 5 a n d  6) p a t h w a y  m a y  exist for the  passage of ma rke r  particles f rom the  l u m e n  
(L) to the  connect ive  tissue s t roma  (CT). (In Fig. 5, a c l u m p  of ThOe  particles is lodged in the  "neck"  
of a vesicle (V) apparen t ly  forming on the  lumina l  surface of the  endo the l ium cell.) X 40,000. 
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diaphragm is in contact with the endothelial cell 
membrane. This line or diaphragm is less dense 
and thinner than the cell membrane.  On  the 
outer endothelial cell surface facing the connective 
tissue, a basement membrane envelops the entire 
vessel. The basement membrane is continuous and 
has a condensed fibrous structure about 250 A 
from the outer endothelial surface (Fig. 1). 

Twenty minutes to 2 hours after an intravenous 
injection of thorium dioxide, saccharated iron 
oxide, or gold sol, particles can be found in the 
surrounding connective tissue (Fig. 2), having 
passed through a blood vessel wall. The markers 
have not been found directly in the pores or in 
areas which might suggest their having passed 
through pores (Figs. 2 and 3), nor have markers 
been found in transit in the attenuated endothelial 
cytoplasm. 

The passage of marker particles from the lumen 
to the connective tissue apparently takes place in 
the thicker walled areas in the capillaries and 
venules. Occasionally, particle-laden vesicles and 
vacuoles are present in endothelial cells, indicating 
a transcytoplasmic passage. In Fig. 4, particles of 
thorium dioxide can be seen adhering to the 
luminal surface of the endothelial ceils. Particles 
are also present as inclusions of various sizes 
(V1 and V~) in the endothelium. Particles are also 
present in the nearby connective tissue (at arrows). 

Under  normal conditions, marker particles are 
sometimes found between apposing endothelial 
cell margins (Figs. 5 and 6). This may indicate 
the existence of an extracellular pathway. There 
is no increase in the intercellular space, and the 
terminal bars or desmosomes between apposing 
endothelial cell membranes on the luminal 
surface are present in these sections. 

Blood vessels of the ciliary processes of the eye 
under conditions of altered permeability have 
also been studied with the electron microscope. 
Intravenously injected endotoxin or a corneal 
lesion such as a draining fistula produces a cloudy 

and plasmoid aqueous (4, 11, 12). Under  these 
inflammatory conditions, blood cells and platelets 
can be seen in the process of migrating from the 
lumen to the connective tissue stroma. The  cells 
and platelets appear to wedge themselves into and 
enlarge the intercellular space between endothelial 
cell boundaries (Fig. 7). Subsequently, they 
penetrate through the basement membrane and 
enter the connective tissue (Fig. 8). 

Enlarged spaces or gaps between endothelial 
cell junctions may also occur when a plasmoid 
aqueous is produced by a corneal lesion (Figs. 9 
and 10) or by endotoxin injection (Fig. 11). When 
gold sol is injected intravenously 20 minutes before 
fixing the ciliary processes, particles of gold are 
found in such gaps (Fig. 9). Apparently the 
basement membrane (not very clear in Fig. 9) 
has blocked their exit into the connective tissue. 
However,  in Fig. 10, the gold particles have 
passed through the basement membrane.  In  this 
micrograph, portions of two erythrocytes have 
migrated into the enlarged intercellular space. 
When saccharated iron oxide is injected, iron 
particles also accumulate in the enlarged gaps and 
then infiltrate through the basement membrane to 
the surrounding connective tissue (Fig. 11). 

Not all of the sections of the small blood vessels 
show enlarged gaps between the endothelial cell 
margins (Fig. 12). The thickened apposing mem- 
branes forming the terminal bars may appear 
unchanged. An accumulation of marker particles 
is found distal to the luminal side of the terminal 
bar. One or two particles can be found in the 
intercellular space near the terminal bar area in 
Fig. 12. Particles are also found in the surrounding 
connective tissue. 

D I S C U S S I O N  

Direct light microscopic observations on the 
passage of dyes or carbon particles through the 
blood vessel walls (16, 17) have formed the basis 
of our knowledge of the morphological events of 

FIGURES 7 AND 8 

Electron micrographs of portions of blood vessels of the ciliary body fixed 20 minutes 
after making a draining fistula in the cornea, causing the aqueous humor to become 
plasmoid. Platelets (Pl) appear to wedge themselves into and enlarge the intercellular 
space between endothelial cell boundaries. The platelet, Pl, in Fig. 8 has penetrated 
through the basement membrane (BM) and has partially entered the connective 
tissue (CT). Most platelets in these two figures contain, in membrane-bounded vacuoles, 
gold particles that were previously injected into the blood stream. X 32,000. 
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FIGURES 9 AND I0 

Electron micrographs of portions of blood vessels of the ciliary body fixed 20 minutes after a draining 
fistula in the cornea has brought about a plasmoid aqueous. Enlarged gaps between endothelial cell 
junctions occur and gold particles (G) may be found in such gaps 20 minutes after intravenous injec- 
tion (Fig. 9). Apparently the basement membrane (BM) has blocked their exit into the connective 
tissue. In Fig. 10, however, gold particles (G) as well as processes of two red blood cells (R) have 
passed through the basement membrane (BM). Red blood cells (R) and platdets (Pl) are found in the 
lumen (L) of these vessels. X 35,000. 

capil lary permeabil i ty.  Electron micrographs 
reveal  to us tha t  capillaries of the choroid plexus 
and  of the ciliary processes are character ized by 
areas of a t tenuated  endothe l ium which conta in  
fenestrae (Figs. 1 to 3). We  have not  been able to 
demonst ra te  marker  particles in the process of 
t ransi t  th rough such fenestrae. The  presence of a 

d i a p h r a g m  across the pores can be demonst ra ted  
in th in  sections of well preserved tissue (Figs. 1 and  
3). In  the ra t  kidney glomerulus, however,  
F a r q u h a r  (7) and  F a r q u h a r  et al. (8) have demon-  
strated that  marker  particles (ferritin and  gold) do 
pass th rough  the more numerous  pores of the 
endothel ial  cells and  accumulate  in the surround-  

234 THE JOURNAL OF CELL BIOLOGY • VOLUME 15, 1962 



ing basement membrane. The pores of the 
glomerular endothelial cells, however, differ in 
that they appear patent  in the electron microscope. 
On  the other hand,  Rhodin (18) believes that in 
the mouse kidney the fenestrae of the endothelial 
cells, including those of the glomerulus, are closed 
by diaphragms. The presence of a diaphragm 
across the pores of the endothelial cells in the 
ciliary processes and choroid plexus does not 
necessarily rule out the patency of the fenestrae to 
substances other than the colloidal particles 
employed in these studies. Rhodin has suggested 
that such diaphragms may both serve as a barrier 
to large molecules and also be effective in allowing 
a rapid diffusion of smaller molecules (18). 

I t  is interesting to note that the blood vessel 
wall of the ciliary processes of the rabbit  is not 
greatly attenuated and does not contain fenestrae 
before the blood-aqueous barrier is established 
(4). Similarly the wall of the capillaries in the 
cerebral cortex, although continuous, becomes 
thinner as the animal progresses to the adult stage 
(19). In  recent studies (20, 21) marker particles 
were found to traverse the corneal endothelium 
(Descemet's mesothelium) by an intercellular 
pathway. In  this area, the particles appear to be 
streaming out of the intercellular space where 
they fan out into Descemet's membrane.  Such an 
outflow of fluids may not be taking place through 
the attenuated and fenestrated capillaries of the 
ciliary processes and choroid plexus. Furthermore, 
we have not been able to determine the functional 
significance of the greatly attenuated endothelial 
cells with the use of colloidal particles. According 
to Krogh (pp. 328-329, reference 16) the failure 
of marker substance to pass through capillary 
walls "does not necessarily mean that the capillary 
wall is impermeable to the substance but  may be 
due to an insufficient filtration of water." Landis 
(17), in his work on microinjection into single 
capillaries in the frog's mesentery, determined that 
the passage of the dye solution through the 
capillary depends primarily on capillary pressure. 
A greater inflow pressure brings about a greater 
outflow of the dye through the capillary wall. In  
the present study, however, no attempt was made 
to determine the pressure in the blood vessels. 

The passage of marker particles from the lumen 
to the surrounding connective tissue in the ciliary 
processes and choroid plexus does take place 
occasionally in the areas of thicker endothelium in 
the capillaries and venules rather than in the 

attenuated and fenestrated endothelial walls. The 
colloidal particles which were injected intra- 
venously 20 minutes to 2 hours prior to fixation 
were sometimes found in membrane-bounded 
vesicles and vacuoles which vary in diameter 
from 500 to 1200 A (Fig. 4). Palade (22) postulated 
that the more uniformly sized vesicles found in the 
endothelial cells of muscle capillaries might, 
through the process of pinocytosis, be the vehicles 
of transport for materials through the capillary 
wall. Later, Palade (23, 24) demonstrated that 
marker particles (gold sol and ferritin) entered 
some of the vesicles which were at the luminal  
surface and were than transported from the lumen 
to the connective tissue stroma by these small 
vesicles. The attenuated and fenestrated type of 
endothelium, frequently no thicker than 300 A, 
does not contain pinocytotic vesicles (Fig. 1, 2, 3). 
The areas of thicker walls in the capillaries and 
collecting venules of the ciliary processes and 
choroid plexus contain vesicles and vacuoles of 
varying sizes, in contrast to muscle where the 
vesicles are of more uniform size (24, 25). 

Occasionally, particles of thorium dioxide can 
be found at the junct ion between the thicker 
endothelial cells of the larger capillaries of the 
choroid plexus (Figs. 5, 6). These observations 
suggest that under  normal conditions some extra- 
cellular as well as intracellular transit of these 
marker particles may occur at these sites. Majno 
and Palade (26), in a study on vascular permea- 
bility, using colloidal mercuric sulfide as a tracer, 
noted that leakage of these particles between the 
endothelial cells of the larger capillaries and 
venules of muscle does occur on occasion. They 
suggested that the vascular injection of this tracer 
material may liberate endogenous histamine, 
which would expand the junct ion between endo- 
thelial cells. However, such enlarged spaces or 
gaps are not apparent  after injections of thorotrast, 
saccharated iron oxide, or gold sol. The inter- 
cellular space of the vessels in the choroid plexus 
of the rabbit  is unchanged (Figs. 5 and 6). The 
terminal bars appear to be intact, despite the 
fact that particles are present in this area. 

Florey and his coworkers (27, 28) have studied 
the pathway of ThO2 and iron oxide particles 
through the mesothelium and the lymphatic 
vessels after intraperitoneal injections. They 
demonstrated the passage of particles through a 
predominantly extracellular pathway between 
mesothelial cells and between the endothelial 
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cells of the lymphat ic  vessels. Vacuoles conta in ing 
particles were also found to a lesser degree in the 
cytoplasm of the mesothelial  cells. 

Kaye  and  Pappas  (20) have demonst ra ted  in the 
corneal  endothel ial  cell layer (Descemet 's meso- 
thel ium) tha t  particles enter ing the cornea from 
the aqueous h u m o r  travel  pr imari ly  between the 
endothel ial  cells. T he  tracer  particles, however,  
by-pass the te rminal  bar  via pinocytosis and  
subsequent  fusion of the pinocytotic vesicles with  
the lateral  cell membranes  of the endothel ial  cells. 
Evidence of such a detour  occurr ing in the blood 
vessels of the ciliary processes and  choroid plexus 
is scant. A single possible example of this may  be 
found (V) in Fig. 5. 

Vascular  changes were studied when  normal  
aqueous h u m o r  secretion was altered so tha t  a 
cloudy product  was formed by the ciliary proc- 
esses. A dra in ing  fistula in the cornea b rough t  
abou t  plasmoid aqueous format ion in a few 
minutes, whereas systemic injection of endotoxin 

produced similar inf lammatory  effects in 2 to 3 

hours. Both methods gave rise to the same changes 

in the blood vessels. In t race l lu lar  passage of 

colloidal particles in the thicker walls of capillaries 

and  venules was not  nearly so prevalent  as the 

extracellular  passage. The  a t t enua ted  and  

fenestrated areas of the endothe l ium of the small 

capillaries remained  unchanged,  with no markers 

passing through them. 

Alksne (29) suggested tha t  an  increased intra-  

cellular passage of marker  particles occurs dur ing  

inf lammation.  O n  the contrary,  we have found 
tha t  the process of t ranspor t  of colloidal particles 
in inf lammat ion  is a p redominan t ly  extracellular  
passage or flow between the endothel ial  cells of the 
blood vessel wall. Similarly, the processes of 
emigra t ion  of blood cells and  platelets (diapedesis) 
th rough vessels via the intercel lular  junc t ions  
(Figs. 7, 8, 10) has been noted previously in 
electron microscopic studies of in f lammat ion  of 
different origins (30-32, 26). 

O u r  findings on the al tered vessels of the ciliary 
processes parallel the more extensive studies of 
M a j n o  and  Palade (26) and  M a j n o  et al. (33) 
which are based on the blood vessels in ra t  
cremaster  muscle. Palade (24) has suggested tha t  
the t ranspor t  of colloidal particles occurs normal ly  
via pinocytosis in the small capillaries as well as in 
the larger  vessels of muscle, bu t  tha t  in inf lamma-  
t ion the " leakage"  occurs pr incipal ly in the 
venous capillaries and  venules. We  have found, 
however,  t ha t  passage of colloidal particles in the 
ciliary processes under  normal  and  inf lammatory  
conditions occurs in the same site, i.e., in the 
areas of thicker walls in the capillaries and  
venules. 
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]~OURE 11 

Electron micrograph of a portion of a blood vessel of the ciliary body of a rabbit  
treated with endotoxin so that  a cloudy aqueous was present in the anterior chamber 
of the eye at the time of fixation. Thirty minutes before fixation, saccharated iron 
oxide was injected intravenously. A large accumulation of the iron particles is present 
in the enlarged gap (Ga) between endothelial cells. Marker particles have also infil- 
trated into the basement membrane (BM) and into the surrounding connective tissue 
(CT). X 55,000. 

FIGURE 12 

A portion of a blood vessel from the ciliary processes of an endotoxin-treated rabbit  
which was subsequently injected with saccharatcd iron oxide. The iron particles fill 
the lumen (L) of the vessel. In this section the thickened apposing endothelial cell 
membranes forming the terminal bar  area (T) appear normal. An accumulation of 
marker particles is found distal to the luminal side of the terminal bar  and enters 
the basement membrane area (BM). Some particles are also found in the surrounding 
connective tissue area (CT). One or two particles are present near or in the intercellular 
space of the terminal bar  area. X 44,000. 

G. D. PAPPAS AND V. M. TENNYSON Passage of Colloidal Particles 237 



R E F E R E N C E S  

1. PEASE, D. C., Electron microscopy of the vascular 
bed of the kidney cortex, Anat. Rec., 1955, 
121,701. 

2. PALAY, S. L., and KARLIN, L. J. ,  An electron 
microscopic study of the intestinal villus. I. 
The fasting animal, 3". Biophysic. and Bioehem. 
Cytol., 1959, 5, 363. 

3. BENNETT, H. S., LUFT, J.  H., and HAMPTON,J. C., 
Morphological classification of vertebrate 
blood capillaries, Am. J. Physiol., 1959, 196, 
381. 

4. PAPphS, G. D., SMELSER, G. K., and BRANDT, 
P. W., Studies on the ciliary epithelium and the 
zonule. II.  Electron and fluorescence micro- 
scope observations on the function of mem- 
brane elaborations, Arch. Ophth., 1959, 62,959. 

5. WISLOCKI, G., and LADMAN, A. J.,  The fine 
structure of the mammalian choroid plexus, in 
The Cerebrospinal Fluid, (Ciba Foundation 
Symposium), (G. E. W. Wolstenholme and 
C. M. O'Connor,  editors), Boston, Little 
Brown & Co., 1958, 55. 

6. TENNYSON, V. M., and PAPPAS, G. D., Electron 
microscope studies of the developing telen- 
cephalic choroid plexus in normal and hydro- 
cephalic rabbits, in Disorders of the Developing 
Nervous System (W. S. Fields and M. M. 
Desmond, editors), Springfield, Illinois, C. C. 
Thomas, 1961. 

7. FARQU~AR, M. G., An electron microscope 
study of glomerular permeability, Anat. Rec., 
1960, 136, 191. 

8. FARQUHAR, M. G., WlsSlo, S. L., and PALADE, 
G. E., Glomerular permeability. I. Ferritin 
transfer across the normal glomerular capillary 
wall, J. Exp. Med., 1961, 113, 47. 

9. DAVSON, H., Physiology of the Ocular and 
Cerebrospinal Fluids, Boston, Little Brown, 
1956. 

10. HOL~aBERG, A., The ultrastrncture of the capil- 
laries in the ciliary body, Arch. Ophth., 1959, 
62,949. 

11. Avo, C., A toxic ocular reaction. II. On the 
nature of the reaction, J. Immunol., 1943, 46, 
127. 

12. PAPPAS, G. D., Ultrastructure of the ciliary 
epithelium and its relationship to aqueous 
secretion in Glaucoma, (Tr. 4th Con f). (F. 
W. Newell, editor), Josiah Macy Jr.  Foun- 
dation, New York, 1959. 

13. PAPPAS, G. D., and SMELSER, G. K., Studies on 
the ciliary epithelium and the zonule. I. 
Electron microscope observations on changes 
induced by alteration of normal aqueous 
humor formation in the rabbit,  Am. J. Ophth., 
1958, 46, part  2, 299. 

14. WissiG, S. L., The anatomy of secretion in the 
follicular cells of the thyroid gland. I, The 
fine structure of the gland in the normal rat, 
J. Biophysic. and Biochem. Cytol., 1960, 7,419.  

15. FARQUHAR, M. G., Fine structure and function in 
capillaries of the anterior pituitary gland, 
Angiology, 1961, 12, 270. 

16. KROOn, A., The anatomy and physiology of 
capillaries, 1930, New York, reprinted by 
Hafner Publishing Co. Inc., 1959. 

17. LANmS, E. M., Micro-injection studies of capil- 
lary permeability. II. The relation between 
capillary pressure and the rate at which fluid 
passes through the walls of single capillaries, 
Am. J. Physiol., 1927, 82,217. 

18. RHOmN, J.  A. G., The diaphragm of capillary 
endothelial fenestrations, J. Ultrastruct. 
Research, 1962, 6, 171. 

19. DONAnUE, S., and PAPPAS, G. D., The fine 
structure of capillaries in the cerebral cortex 
of the rat  at various stages of development, 
Am. J. Anat., 1961, 108,331. 

20. KAYE, G. I., and PAPPAS, G. D., Studies on the 
cornea. I. The fine structure of the rabbit  
cornea and the uptake and transport of 
colloidal particles by the cornea in vivo, J. 
Cell Biol., 1962, 12,457. 

21. KAYE, G. I., PAPPAS, G. D., DONN, A., and 
MALLETT, i . ,  Studies on the cornea. II.  The 
uptake and transport of colloidal particles by 
the living rabbit  cornea in vitro, J. Cell Biol., 
1962, 12,481. 

22. PALADE, G. E., Fine structure ofblood capillaries, 
J. Appl. Physics, 1953, 24, 1424. 

23. PALADE, G. E., Transport  in quanta  across the 
endothelium of blood capillaries, Anat. Rec., 
1960, 136,254. 

24. PALADE, G. E., Blood capillaries of the heart  
and other organs, Circulation, 1961, 24,368. 

25. FAWCETT, D. W., The fine structure of capillaries, 
arterioles, and small arteries, in The Micro- 
circulation, (S. R. M. Reynolds and B. W. 
Zweifach, editors), Urbana,  University of 
Illinois Press, 1959. 

26. MAJNO, G., and PALADE, G. E., Studies on 
inflammation. I. The effect of histamine and 
serotonin on vascular permeability : An electron 
microscopic study, J. Biophysic. and Biochem. 
Cytol., 1961, 11, 571. 

27. FLOREY, H. W., Some properties of endothelium 
with special reference to lymphatics, in 
Intravascular Phenomena (Proe. 7th Conf. on 
Microcirculatory Physiol. and Path.) (E. P. 
Fowler, Jr. ,  and B. W. Zweifach editors), 
1959, 35. 

238 THE JOURNAL OF CELL BIOLOGY • VOLUME 15, 196~ 



28. FRENCH, J .  E., FLOREY, H. W., and MORRIS, B., 
The absorption of particles by the lymphatics 
of the diaphragm, Quart. J. Exp. Physiol., 
1960, 45, 88. 

29. ALgSNE, J.  F., The passage of colloidal particles 
across the dermal capillary wall under the 
influence of histamine, Quart. J. Exp. Physiol., 
1959, 44, 51. 

30. MARCHESI, V. T., and FLOREY, H. W., Electron 
micrographic observations on the emigration 
of leucocytes, Quart. J. Exp. Physiol., 1960, 45, 
343. 

31. MARCHESI, V. T., The site of leucocyte emigration 
during inflammation, Quart. J. Exp. Physiol., 
1961, 46, 115. 

32. FLOREY, H. W., and GRANT, L. H., Leucocyte 
migration from small blood vessels stimulated 
with ultraviolet light: An electron microscope 
study, J. Path. and Bact., 1961, 82, 13. 

33. MAJNO, G., PALADE, G. E., and SGHOEFL, G. I., 
Studies on inflammation. II. The site of action 
of histamine and serotonin along the vascular 
tree: A topographic study, d. Biophysic. and 
Biochem. Cytol., 1961, 11,607. 

G. D. PAPPAS AND V. M. TENNYSON Passage of Colloidal Particles 239 


