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Summary 

The primary response of the lymph node sinus endothelial cells to increased intrasinusoidal pres­
sure appears to be an opening of overlap junctions between adjacent endothelial cells. When col­
loidal carbon particles are injected via an afferent lymphatic, the tracer is found within the patent 
overlap junctions, the sinus endothelial cells, and the interstitial tissue that separates lymphatic sin­
uses and nearby capillaries. Carbon particles generally are confined to capillary lumens when in­
jected via the communicating vein that joins the lymph node and the adjacent internal jugular vein. 
The long-term removal of carbon particles appears to be via an endocytic process, primarily by sinus 
endothelial cells and sinus macrophages with secondary uptake by fJXed parenchymal macrophages. 
Minimal uptake of the tracer by capillary endothelial cells precludes the capillaries as a major site 
of removal of tracers from lymph node sinuses. 

Introduction 

Experiments suggest that radioactive tracers and bacteria are transferred from lymph 
nodes directly into the circulatory system in response to increased intranodal pressures 
that occur when these tracers are injected into either the laryngeal submucosa or a 
lymph node afferent channel ( 1, 2, 3). Increase in recovery of the radioactive tracer 
coincides with the increased pressures of injection and subsides upon cessation of injec­
tion (1, 2). Since colloidal carbon particles have been utilized successfully as electron 
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dense tracers to establish the permeability of lymphatic capillaries ( 4-9), the present 
study with colloidal carbon particles was undertaken to delineate the morphological 
pathways involved in the direct lymph node-venous transfer of material ( 1, 2). 

Methods and Materials 

Either the right or left medial retropharyngeal lymph node was utilized from each of 
15 asymptomatic adult dogs. Two-methods. of injection were used: 1) via cannulation 
of one afferent lymphatic channel as previously detailed ( 1 ); and 2) via the commun­
icating vein between the lymph node and adjacent internal jugular vein. Pressures of 
injection were maintained digitally as previously described ( 1 ). The injection solution 
was prepared by adding 5% (V:V) of shellac-free India ink (Pelikan Spezialtusche C 11/ 
1431a) to a 0.1 M monobasic and dibasic sodium phosphate buffer at pH 7.3 and an 
osmolarity of 240 mOs measured cryostatically. After a 2 cc injection of colloidal car­
bon solution, the lymph nodes were freed, sliced transversely at approximately 4 mm 
thickness, and placed immediately into 2.5% glutaraldehyde. The same phosphate buf­
fer as in the injection solution was utilized both for the fixatives and buffer rinses. 
Mter completion of the initial fixation, the tissue was trimmed to 2-3 mm cubes in 
buffer and post-fixed in cold 2% osmium tetroxide in buffer for 3 hours. After a se­
cond buffer rinse, the tissue was dehydrated in a graded series of ethanol and embed­
ded in Epon-812. Tissue sections were cut with either an LKB III or a Porter-Blum 
MT2 Microtome with glass knives. Image contrast was enhanced by section staining 
in a saturated aqueous solution of uranyl acetate ( 45 minutes at 60°C) and with lead 
citrate ( 1 0). 

Three lymph nodes were perfused individually with buffer only and fixed by immersion 
as above or perfused with 2.5% glutaraldehyde in phosphate buffer followed by im­
mersion fiXation. 

Electron micrographs were taken with a Siemens Elmiskop lA at primary magnifica­
tions of x2,000-26,000. Further magnifications were completed photographically for 
the final figures. 

Results 

Untreated Tissue 

Both irregular sinuses which predominate and the less frequent saccular sinuses of the 
canine medial retropharyngeal lymph nodes are lined with endothelial cells and occas­
ional macrophages. The sinus endothelial cells contain a flattened, oblong nucleus sur­
rounded by a thin rim of cytoplasm. The cytoplasm of these cells, extending radially 
from the nuclear area, becomes very attenuated and contains ribosomal particles, short 
proftles of rough-surfaced cytoplasmic membranes, mitochondria, occasional lysosomes, 
and an abundance of both smooth and rough-coated vesicles. The basement membrane 
at the abluminal surface of the sinus endothelial cells is incomplete. For example, in 
some sections the basement membrane is completely absent, in others it is interrupted, 
and in some it is present (Figs. 1-3). An irregular arrangement of collagen fibers or 
microfilaments is present in the abluminal connective tissue (Fig. 1). 

Two regions of the sinuses are of particular interest in the present study, that of sinus 
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endothelial-endothelial cell apposition and that in which blood capillaries are in close 
proximity to the lymph node sinuses. 

Sinus endothelial cells abut each other by the overlapping of processes from two ad­
jacent cells. The plasma membranes in these overlap junctions generally are separated 
by a rather uniform distance of 130-160 IL Although there may be considerable varia­
tion in the distance that one process extends over another, the usual pattern is a sim­
ple overlap without interdigitation. A .reas of increased cytoplasmic density (zonula ad­
herens) may or may not be present along the overlap junction near the luminal sur­
face (Figs. 1-3). 

Fig. 1. A portion of an overlap junctio n shows 
the very regular separation of the plasma mem­
branes. No basement membrane is present at 
the abluminal surface although numerous micrcr 
filaments :1re found in this region. The sinus 
lumen (L) is to the right. x 33,930. 

Fig. 2. A simple overlap junction is shown (ar­
row) which lacks a zonula adherens. The base­
ment membrane is absent in this area; however, 
numerous filaments :~re present at the abluminal 
surface. A portion of a fibrocyte (F) is shown. 
X 19,800. 

Blood capillaries often are located in close prox.imity to lymphatic sinuses, the two 
being separated only by a distance of 4 to 0.6 fJ. or less (Fig. 4). The capillary endo­
thelial cells are similar in appearance to the sinus endothelial cells, however, the former 
is readily distinguished by a complete basement membrane that surrounds the abluminal 
surface of the capillary (Fig. 4). Two types of capillaries are present. The first is dis­
tinguished by the presence of numerous cytoplasmic vesicles in the capillary endothel­
ial cells and an absence of endothelial fenestrations. This type appears to predominate. 
The second is characterized by very attenuated endothelial cells with fenestrations. 

Regular crystalline bodies have been found in 6 of the 15 dogs investigated. These in­
tracytoplasmic bodies are located in both sinus and capillary endothelial cells and con-
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F~g. 3. This overlap junction includes a zonula 
adhere11s near the luminal surface (arrow). The 
zonula is characterized by an increased cytoplas­
mic density along the overlap junction. An in­
terrupted basement membrane (BM) is located 
ncar the abluminal surface of the sinus endo­
thelial cells. x 52,650. 

Fig. 4 . The close proximity of a capillary with 
its included erythrocyte (E) to a lymphatic si­
nus (L) is shown. The sinus endothelial cell is 
attenuated, measuring 0.3-0.6 p., and lacks a 
basement membrane. The basement membrane 
(arrow) of the capillary endo thelium is present 
and complete. The capillary is sepa.rated from 
the sinus by a distance of 0.6 to 1 J.L x 13,050. 

sist of rectilinearly arranged osmiophilic particles measuring 200-230 .R in diameter 
with the rows of particles intersecting at an angle of approximately 75° (Figs. SA, B). 

Perfusion with Fixative at Elevated Pressures 

An immediate reaction to increased intrasinusoidal pressure appears to involve expans­
ion of the overlap junctions of the sinus endothelial cells. Patent junctions, recognized 
by obvious gaps between adjacent sinus endoU1elial cells, are encountered with increased 
frequency when the fLxative is perfused into the lymph node, via an afferent lymphatic 
channel, at pressures equivalent to those used with the carbon solution (Fig. 6). The 
separations range in size from a localized dilatation within an overlap junction to gaps 
of several micra. 

Injection of Colloidal Carbon through an Afferent Cham!el 

Colloidal carbon particles, when used, are observed within the sinuses, the expanded 
overlap junctions, sinus endothelial gaps, the sinus endothelial cells, and the tissue be­
tween the sinus and blood capillaries (Fig. 7). The tracer was found in the irregular 
sinuses and in well-defined saccular sinuses (Fig. 8). 

Carbon particles have been observed in the interstitial spaces between the sinus and 
blood capillaries in experiments in which ftXation was started immediately , 15, 30, 45 
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Fig. SA. Crystalline bodies (C) are found in 
the cytoplasm of the sinus endothelial cells. 
Numerous coated invaginations are present 
along the abluminal surface (arrows). The ab­
luminal basement membrane is interrupted. 
X 22,95(}. 

Fig. 5 B. A higher magnification of a crystal­
line body in the capillary endothelium. The 
regular rectilinear arrangement of the osmio­
philic panicles is well delineated. x 45 ,900. 

and 60 minutes post-injection. At higher magnifications, carbon particles are seen in 
patent junctions between adjacent endothelial cells (Fig. 9). The distance of separa­
tion in these regions also showed considerable variation in size from moderate separa­
tions to endothelial interruptions of several micra. 

Increased pinocytotic activity of the sinus endothelial cells was apparent from the 
higher frequency with which carbon-containing invaginalions of the plasma membrane 
were observed, at both the luminal and abluminal surfaces (Figs. 1 OA, B). Increased 
number of intracellular vacuoles containing the tracer were found with increased time 
afte r injection (Fig. 1 DB). 

ln each of the timed experiments, carbon particles were observed in the interstitial 
tissue and at the capillary basement membrane. Carbon particles also were observed 
in intracytoplasmic vacuoles in the capillary endothelial cells (Fig. 11). Serial sections 
established that these vacuoles were contained entirely within the capillary endothelial 
cells. 

Injection of Colloidal Carbon through the Communicating Vein 

When the tracer was injected retrograde through the communicating vein joining the 
medial retropharyngeal lymph node and the adjacent internal jugular vein , carbon par­
ticles were readily recognized in the lumens of blood capillaries (Figs. 12 , 13A). Gene· 
rally, the carbon was confined to the capillary lumen, with li t tle evidence of exit via 
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Fig. 6. When f't.xativc alone is injected, obvi­
ous separation of overlap junctions (G) occurs. 
The basement membrane (B) is incomplete. 
Both coU:~gen fJ.laments (C) and irregular micro­
nlaments are present. A portion of a fibrocyte 
(F) is also shown. x 13,050. 

Fig. 7. A survey electron micrograph shows car­
bon particles in the sinus lumen (L), in the in· 
terst itial tissue, and around a nearby capillary 
(C). x 4,320. 

Fig. 8. Carbon particles are seen in the lumen of a saccular sinus (S) as well as in invaginating 
and intracy toplasmic vesicles (arrows). x 1 ,200. 

intra- or intercytoplasmic transfer (Fig. 138). Only rarely were carbon particles found 
in the interstitial spaces and never in the lymphatic sinuses. 
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Fig. 9. Upon injection of the Uaccr, carbon particles are located in patent overlap junctio ns of the 
sinus endothelial cells (arrows), having entere-d from the sinus lumen (L). x 22,950. 

Fig. l OA. Intracytoplasmic accumulation ·or 
carbon particles (C) appears to increase with 
time after injection. Carbon particles are also 
see n in endocyto tic vesicles a t the lu minal sur­
face of the sinus endothelial cell (arrows). 
X 13 ,950. 

Discussion 

Fig. l OB. Carbon particles arc also found in 
vesicles, apparently invaginating a t the ablum inal 
surface o f the sinus endothelial cell (arrow). 
The cap illary endo thelium (CE) is very irregular 
and cont ains numerous clear memb rane-bounded 
vesicles. Sinus lumen (L). x L8,900. 

The general morphology of the sinus endothelial cells shares man y similarities to that 
of the lymphatic capillaries ( 4 , 5, 11 , 12). The attenuation of the sinus endothelial 
cells and the morphology of the cytoplasmic organelles appear quite similar to that 
described in the lymphatic capillary. The overlapping of adjacent sinus endothelial 
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Fig. 11 . Carbon particles we rc found in an 
intracytoplasmic vacuo le in this capillary endo· 
thelium (arrow). Serial sec tions showed this 
vacuole to be entirely contained with in the cy­
toplasm. x 19,800. 

Fig. 12. When injected via the communicating 
vein, the carbon particles arc generaUy confined 
to the capillary lumen. A circu lating leukocyte 
(L) nearly fiUs the lumen or this C:!pillary. En· 
dothclial fenest ratio ns are present (arrows). 
X 19.280. 

cells is also similar lo that of the lymphatic capiUaries. However, the junctio nal com­
plexes do appear slightly diffe rent. A zonula adherens is located near the luminal sur­
face in the sinus endothelial cell junctions and is evidenced by cytoplasmic condensa­
tion. Neither zonulae occludem es nor maculae adhaerentes (13, 14) were found in the 
ove rlap junctions. The absence of these two junctional complexes, between sinus en­
dothelial cells and lympha tic capillaries, indicates the potential for separation and the 
lack of effective impediment to the passage of tracers via this route (8). The appear­
ance of patent junctions in response to increased sinus pressures tends to substantiate 
this postulation. The presence of carbon particles within the patent junctions appear 
to be a result of passive transportation of the tracer particles. 

Whereas a basement membrane is lacking in the lymphatic capillaries ( 11 , 12), an in· 
complete basement membrane is present at the abluminal surface of the sinus endo­
thelial cells. Incomple te is the best tem1 to describe the basement membrane because 
of its varied appearance, present or absent. Fo r example, the absence unde rly ing many 
patent and overlap junct ions is evidence for inte rruptions of the sinus basement mem­
brane. In such areas of pa tent j unctions and basement membrane interruptions, no 
active transport of tracers is possible, and it is appropriate to assume a passive trans­
port of the tracer in these regions. The plasticity of U1e overlap junctions could there­
fore serve as a mechanism to allow rapid exit of material from the sinuses in response 
to varying intrasinusoidal pressures. 
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Fig. 13A. Carbon part icles are a lso located within capiUaries that exhibit no endothe lial fenestra­
tions. This capillary is comprised of processes from si..x endothelial cells with 1-3 zonulae adheren. 
res along the cell junctions (arrows). x 5, 130. 
Fig. 13B. A higher magnification of the o utlined segmen t in f-igure 13A. No evidence was found 
of carbon par tic les exiting the capillary, alt hough the tracer is in close proximity to the endo thel ial 
junctions. x 19.100. 

Anchoring filaments charactaristic of the lymphatic capillaries (1 1) do not appear at 
the abluminal sur face of the sinus endothelial cell. In the lymph nodes, abluminal fila­
ments rarely are seen at tached to the basal surface of the sinus endothelial cells nor do 
they appear as weU organized. The abluminal ftlaments found in the lymph nodes 
probably are randomly oriented connective tissue ftlaments that serve only to assist in 
parenchymal support. Observations that the filaments attach to the sinus endothelium 
most likely result from superposition effects within the thickness of the section. 

The active removal of the carbon particles from the lymph node sinuses appears to be 
a process of increased phagocytosis by the fixed sinusoidal macrophages and pinocyto­
sis by the sinus endothelial cells with simultaneous passive transfer through patent sinus 
endothel ial junctions. The first step in the ac tive removal apparently consists of tracer 
particles adhering to the surface plasma membrane of the sinus endothelial cells. fol­
lowed by successive invagination and eventual pinching off to form cytoplasmic vesicles­
endocytosis. The cytoplasmic vesicles here are generally of the coated variety. Studies 
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by Casley-Smith ( 1 5, 16) concerning the dynamics of endocytosis suggest the uptake 
of particulate matter in response to a concentration gradient with either subsequent 
transfer across the endothelial lining or the possibility of intracytoplasmic coalescence 
to form larger tracer-ladened vacuoles. Similar conclusions resulted from observations 
on the response of the lymphatic capillary endothelium to intradermal injections of 
particulate tracers (8, 9). 

Results from the present study ~end to favor endocytotic uptake of carbon at both 
the luminal and abluminal surfaces and intracytoplasmic coalescence forming larger 
vacuoles that are retained in the sinus endothelial cells. This hypothesis is consistent 
with morphological evidence found in the timed experiments. 

Uptake at the luminal surfaces would be an obvious response to a concentration grad­
ient established by the intrasinusoidal presence of the tracer substance. Abluminal 
surface uptake of carbon passing through the patent junctions could also result from 
a locally established concentration gradient. Subsequent intracellular movement and 
coalescence implies a dynamic process. The primary differences between tissue taken 
at varying timed intervals appeared to be the frequency at which the large vacuoles 
occurred in the sinus endothelial cells. For example, at very short-term delay or im­
mediate fixation, carbon was found in patent junctions, the interstitial space near 
blood capillaries, in close proximity to the sinus endothelial plasma membranes (both 
luminal and abluminal), and in small vesicles. With increased time, the large vacuoles 
appeared more numerous, and progressively less carbon particles were observed in the 
interstitial space surrounding the capillaries. Interpretation of these results would im­
plicate the sinus endothelial cells and sinus macrophages as the primary cells respons­
ible for removal of carbon, with parenchymal macrophages and capillary endothelial 

··cells subserving a secondary and tertiary site of tracer removal. The latter would ex­
plain the infrequency (single observation) with which carbon was found in the capil­
lary endothelial cells. 

The passage of carbon from the lymph node to the adjacent internal jugular vein is 
easily demonstrated. For example, when colloidal carbon is injected through an af­
ferent lymphatic to the medial retropharyngeal lymph node using moderate digital 
pressures of injection, the nodes are first observed to blacken. Shortly thereafter, a 
similar discoloration occurs in the communicating vein and then in the adjacent inter­
nal jugular vein. The retrograde competence of the valve-like structure observed in 
vessels that open into the saccular sinus ( 17) is suggested by free passage of carbon 
occurring via the "normal" route, impediment to passage via the-retrograde route, and 
lack of carbon in any of the sinuses sampled in the retrograde experiments. The pre­
sence of saccular sinuses in the medial retropharyngeal lymph nodes has been esta­
blished and is base upon a three dimensional analysis of their saccular configuration 
( 17). The saccular sinus was found to be continuous morphologically with an irregular 
sinus. The presence of the carbon particles within the saccular sinus confirms the pre­
vious morphological observations and indicates free passage of material from the irregu­
lar sinuses to the saccular sinuses. 

A regular lattice of osmiophilic particles has been reported in endothelial cells of 
canine retinal capillaries (18). The investigators suggested that these bodies might be 
either conjugated metal inclusions or perhaps virus particles but were not characteristic 
of retinal capillaries. The inclusion bodies found in the endothelial cells during the 
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present study are similar in crystalline array to reovirus inclusions found in monkey 
kidney cells (19) and mosaic virus inclusions found in plants (20). 

Conclusions from the present experiments indicate that the sinus endothelial overlap 
junctions spread in response to increased intrasinusoidal pressure followed by passive 
distribution of carbon particles into the interstitial tissue due to a differential concen­
tration gradient. Further, the sinusoidal macrophages and endothelial cells are respons­
ible for removal of most of the intrasinusoidal carbon, whereas removal of carbon from 
the interstitial tissue is accomplished primaril_y by the tissue macrophages with only 
some removal by capillary endothelial cells. Finally, the competence of the valve-like 
structure previously described in the vessels communicating with the saccular sinuses 
is indicated by the failure of carbon to enter the sinuses when injected retrograde into 
the communicating vein. 

The exit pathways of carbon as postulated here appear to be a secondary mechanism 
for removal of particulate matter from the sinuses. This seems reasonable since the 
endothelial uptake of carbon would be a terminal process that would preclude passage 
in quantities sufficient to account for the rapid discoloration of the adjacent internal 
jugular vein caudal to its junction with the communicating vein. The primary pathway 
for the rapid direct passage from the lymph node to the venous system therefore ap­
pears to be via a valved vessel that joins the communicating vein and the lymph node 
sinuses with the saccular sinuses acting as a mixing chamber. 
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Thoracic Duct Lymphocyte Population of the Rat* 

P.M. Lundin, J.C. Schooley 

The Institute of Pathology, University of Goteborg, Sweden, and 
Donner Laboratory, Lawrence Radiation Laboratory, University of California, 
Berkeley, California 

Summary 

The number of mononuclear cells in the thoracic duct of 8-10 week-old rats were counted three 
and seventeen hours after a single dose of prednisolone and the concomitant involution of the 
lymphoid tissues was studied histologically. 

Both in animals thymectomized at weaning age and in shamoperated controls the number of cells 
per volume and per hour were strongly depressed after three hours. At seventeen hours after in­
jection the original level was reached again. The sensitivity of thoracic duct lymphocytes to pred­
nisolone in vitro was tested, and cells from thymectomized animals were found to be about as sen­
sitive as cells from shamoperated animals. The mechanism for the disappearance and rapid regenera­
tion of the lymphocytes in the circulating pool is discussed. 

Histologically no differences was observed between shamoperated and thymectomized animals in 

*This investigation was supported by a grant from the Swedish Medical Research Council 
(B71-12X-592-06C) 
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