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TRODUCTION

Inoa former study carviod out in the traus ut tails of
fing amphibian larvae (( k, '22) a deseription was siven
of the behaviov of Iymphatic capillaries which had been ox-
perimentally isolated from their connections. It was found
that an individual severed Iymphatic retained its vitality and
power of growth for compavatively long periods of time and
that it was eventually veincorporated in the lymphatic svstem
through anastomosis, cither with the vessel from which it had
been severed or with a sprout from another adjacent lympha-
tic. The new lymphatic growth which took place in such cases
was identical with the novmal growth of Iymphatics observed
in living amphibian larvae (Clark, *09) and with their growth
in regenerating tails (Dzinrzynski, '11). The union of blood
capillaries severed experimentally from their connections took
place much move promptly since they were reincorporated in
the blood vascular network by the same process of sprout
formation within 3 days after the operation, in contrast to
10 to 24 days in the case of severed lymphatics (Clavk, ’18,
'22). Throughout its period of isolation, the lymphatic capil-
lary retained its specificity, showed no signs of degeneration
and gave evidence, by widening and narrowing of its lumen
on ditferent days, of the passage of fluid in both directions
through its endothelial wall.
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In recent microscopic studies in transparent ‘vound table’
chambers installed in rabbits’ ears, the regeneration of lym-
phatic capillaries by the same process of sprout formation,
accompanied by mitolie division of endothelial nuclei, from
pre-existing lyniphatic endothelinm was demonstrated in the
living mammal (Clark and Clark, ’32). The new lymphatics
were found to advance into the space over the table from the
periphery in a manner similar to that described for regencrat-
ing blood vessels (Sandison, ’28; Clark et al., ’31) and to form
a specific system of vessels distinet from blood vessels, con-
nective tissue cells and tissue spaces (Clark and Clark, ’33,
"37).

In the course of prolonged microscopic studies of the blood
vessels and Iymphatices in twenty-five ‘round table’ chambers,
a number of instances of isolated lymphatics have been en-
countered, in which it has been possible to obtain continuous
records, with high microscopic magnifications, of the original
ingrowth of the same vessels, of the time at which they became
isolated, of the factors which produced their separation, and
of their appearance, behavior, and subsequent fate.

FACTORS RESPONSIBLE FOR THE ISOLATION OF LYMPHATICS

In the ‘round table’ chambers, in which a central celluloid
table, 6.5 mm. in diameter is fitted into a hole eyt clear through
the ear at the time of installation (Clark et al., 230) the regen-
erating blood vessels and lymphaties invade the thin observa-
tion space as outgrowths from preformed vessels surrounding
the hole. The isolated lymphaties, which were observed in-
tensively, were in all cases originally parts of new lymphatics
which had been seen fo invade the table space in this manner
and to become separated secondarily from their connections.
In no case was there any sign of their having originated in
situ.  From prolonged microscopic studies of regenerating
lymphatic capillaries, in which frequent records were made
with the Leitz drawing eye-piece, it was possible, in many
Instances, to see the process of isolation of a lymphatic capil-
lary and to determinc the factors responsible.
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¢ main causes for the isolation ol newly formed Iympha-
ties from their former connections were found to be mecliani-
cal factors some of which were inherent in the construetion of
the chambers while others were duc to secondary alterations
of the observation space or of other tissues present therein.
The restricted and semi-rigid character of the table space,
which was maintained at a unitorm thickness, ranging from
0u to Top in the different ehambers studied, although it
proved to be so advantageous for the microscopic study of
the growth and cellular details of the new vessels and tissues,
was found to hamper the movement of fluid in the regenerated
Iymphaties. Thus the normal flow of lymph, which has been
known to be very meager in peripheral mammalian lymplia-
ties in the absence of massage (Starling, 1898; Henry, '33

was still further impeded in the thin and rigid chamber areas
(Clark and Clark, ’32, '37: Clark, '36). This lack of moy
ment appeared to render the lymplatie capillaries more sus-
ceptible to blockage from external pressure.

[t was previously shown ((lark and Clark, '32) that regen-
erating lymphatics which invaded the table space soon after
the insertion of the chamber, at a time when the intervascular
substance consisted of a soft gel, were capable of as rapid
growth in a linear direction as the new blood capillaries but
that, after the first few weeks, their further extention was
frequently impeded by the formation of connective tissue
fibers or by the increase in size of blood vessels across their
path. In the presence of such obstacles the lymphatic capil-
laries ceased to grow, their pointed tips receded and the ends
became bulbous. Tt was also noted that the formation of
dense unyielding bands of connective tissue frequently con-
stricted the new lymphatics at various points along their
course, thereby still further impeding the movement of fAuid
ingide, )

After the first month, the formation of connective tissue
fibers was especially marked in the region at the table edge.
At this time some of the lymphatic capillaries which had
grown onto the table at an earlier stage and had followed
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courses through the then fiberless connective tissue substance
between the blood vessels, now became constricted in this re-
gion, by the newly developed fibers, to such an extent that no
movement of their contents from the tahle area to the con-
neeting preformed lymphatics occurred for days or weeks.
It was in this region near the table edge and at the time of
formation of dense conneetive tissue that the majority of cases
of isolated lymphalics were observed. In a number of in-
stanees a previously coutinuous lymphatic after being con-
stricted at the table cdge by bands of connective tissue which
blocked its lumen for several days, was seen to separate cn-
tirely and to acquire a rounded bulb at its proximal end simi-
lar in appeavance to the distal ends of Iymphaties which had
ceased to extend.

In most cases of lvmphatics which accompanied larger blood
vessels in their growlh onto the table area blocking and sever-
ing of the vessel in the region at the table edge did not oceur.
The presence of a perivascular space and the support afforded
by the accompanying blood vessel in preventing external pres-
sure were the apparent factors responsible for- preserving an
opcn lumen in lymphatics so situated. Moreover, in cases in
which the companion blood vessel was an artevy which had
acquired active contractility a massage effect on the lympha-
tic was observed (Clark and Clark, ’37).

Blood capillaries in this region at the table edge were not
appreciably affected by the development of dense connective
tissue since they were observed repeatedly to send out new
sprouts, to enlarge from capillaries to arteries and veins and
to maintain a normal circulation in regions too dense or re-
stricted for lymphatics to penctrate or to maintain open
connections.

In several chambers recently inserted, an effort was made
to prevent the compression of lymphatics by bevelling the
table edge in such a manner as to leave a more gradual slope
and a deeper space in the region where new vessels and tissue
invade the thin obscrvation area. Thig modification appar-
ently accomplished the desired result since new lymphatics
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which grew onto the table between the blood vessels in such
chambers, as a rule, maintained open connections and isola-
tion of lymphaties in this region was less frequent. It should
also be mentioned that in chambers in which the space over
the table was as great as 100y or in which the previously
thinner space was enlarged secondarily, either accidentally by
warping of the chamber base or intentionally by loosening the
serews which hold the two parts of the chamber together,
cases of isolation of lymphatics at the table edge were rarely
seen.

Aside from the cases of severing lymphatics by compression
due to increase of connective tissue fibers in a restricted space,
the occasional isolation of lymphatics by pressure from blood
vessels was also observed. Regenerating lymphatics in their
growth across the table area frequently crossed blood capil-
laries. At times such a small blood vessel, following circula-
tory changes, subsequently enlarged and changed to a rela-
tively large artery or vein which compressed the lnmen of the
Iymphatic at the point of crossing to such a degree that no
cells could pass between its distal and proximal portions. In
some of these cases the lymphatic was completely severed at
the crossing point after which the two ends of the formerly
continuous lymphatic remained as rounded bulbs, one on each
side of the intervening vessel.

Another way in which a Iymphatic became isolated was
observed, in two instances, of vessels which accompanied a
large vein at the table edge. Following a change in the di-
rection of blood flow, the size of the vein diminished and at
the same time the base of the table warped slightly, causing
the space in this region to decrease. Deprived of the support
of the formerly wide blood vessel the surrounding tissue in
the constricted space at the table edge compressed the lym-
phatic to such a degree that it was blocked. A few days later
a separation appeared in this region, leaving the portion on
the table completely isolated. -

Still another cause for the isolation of lymphatic capillaries
was the secondary squeezing of the new tissue over the table
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Following an mtammatory regetion. As previously described
(Clark and Clark, '37). d ng the period of active blood flow
dilatation of hlood yvessels and acenmulation of ex wascular
Muid, the sli. ; gtie mica cover of the chamber was raiged
and the space on the table temporarily increased. With re-
twrn of a normal circulation the blood vessels became nar-
rower and for a few days the accumulation of leukoeytes and
flid under the coverslip persisted ang exerted sufficient pros-

’

1 Plhotomicrograph of a1

nd table chumler 14 months after installition.
New lymphatices grew info table spacve at four separate points of lower part of
table only and extended for v ving distanees towsrd center. L. X heeame sepa-
rated from its preformed conneetions 1 week after its first g ppearancs ou the
table, Tt continued to grow toward center of tably for 3 wedks after b
Wolatéd, At time of photegraph all the lympl
tdvance and acquired hulbous eng 1gs.  They rer
4

i
: i to
d practieally unchanged for

15, No lymphaties present in upper halt of chamber, ?otext, page 66
pge 770 16,

fes, including X, Jjad
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sure on the tissue beneath it to force the blood out of the
entire vascular plexus at times when the supplying arteries
contracted actively. In most cases the excess fluid disap-
peared after a day or two, the tissue and vessels became ad-
justed to the thin space and normal circulation was resumed.
In some instanceg, following such a period. of recovery from
inflammation, Iymphaties which had previously been connected
with preformed vessels and which had extended uminter-
ruptedly for considerable distances across the table area, were
interrupted at several points and remained thereafter as dis-
connected capillaries of varying lengths, rounded at both ends,

Apparently the pressing and holding together of the two
opposing walls of a lymphatic capillary for a sufficient length
of time may result in their sticking together and eventually
growing together with loss or retraction of the affected por-
tion and rounding up of the two ends of the severed vessel.
There is some evidence that the stickiness of the lymphatic
endothelium is inercased during inflammation but this possi-
bility requires further study.

All of the various factors responsible for the separation of
lymphatie capillaries from their former connections may be
grouped together as external pressure effects, which in the
thin and rigid space of the transparent chambers were suffi-
cient to comstrict and obliterate the lumen. Just as it was
previously shown that regenerating lymphatics, although dis-
playing an inherent growth capacity similar to that of new
blood capillaries, frequently ceased to advance upon encoun-
tering physical obstacles too slight to affect the growing blood
vessels, so in the present study it was found that mechanical
pressures too slight to interfere with normal circulation in the
surrounding blood vessels with their higher blood pressure,
might constrict and obliterate the lumen or interrupt the con-
tinuity of lymphatic capillaries.

BEHAVIOR OF ISOLATED LYMPHATICS

Following the separation of a lymphatic capillary from its
former connections it was usually possible, due to two char-
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acleristies of regenerated lymphatics, to make prolonged
microscopic observitions of the same isolateq vessel. The
first of these was thoe comparative sparsityv of neyw lymphatics
which invaded the chamber Space in comparison with the
greater abundance of the new blood vessels in the same area.
Lymphatics usually grew onfo the table at widely spaced
points around the periphery, while the blood vessels advanced
everywhere in greal profusion, Moreover, even in chambers
i which the new Iymphatics appeared at an early stage and
extended rapidly, xmquﬂ_.”_u.__._.«.,ygx_u_. with the invad ing blood
capillaties, toward (he center of the tahle, they sent out com-
paratively few side sprouts and eventually formed g loosely
meshed network in cont rast fo the riehly anastomosing plexus
ot surrounding blood vessels (fig. 1), while in many cases the
only new Iymphaties in the entire tahle area were single ves-
sels which accompanied a few of the larger blood vessels and
Possessed no connections with other regenerated vessels in

the table ares (Clark and Clark, *32, '37). Thus it happened

that a lymphatic which heeare separated from its connection
at one point was usually located at g considerable distance
from other Iymphaties on the table, while a blood capillary
which bhecame discomected at one point in most cases re-
mained connected with the richly anastomosing blood vessel
network at its other end.

The other characteristic of living lymphatics which made
possihle prolonged study of isolated vessels was their greater
stability as compared with hlood vessels (Clark and Clark,
'32). The growth of new blood vessels in the round table
chambers was characterized by a great over-production of
new capillary sprouts, the formation of numerous anasto-
moses, and by the subsequent remodelling of the original in-
different plexus into an ‘adult’ pattern by the transformation
of certain of the new capillaries inte arteries and veins and
by the retraction of many others. After the complete vascu-
larization of the taplo area, the blood vessels were still very
labile and the sending out of new Sprouts, retraction of others
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and remodelling of extensive networks frequently occurred in
response to changes in the cireulation due to relatively slight
stimuli (Clark et al., ’31). The new blood vessels, considered
as a plexus, showed greater growth response and a greater
ability to penetrate dense tissue and to maintain connections
and normal circulatory activity in a confined space with rigid
walls than did the new 1 ymphaties but, on the other hand, as
individual vessels, the new lymphaties showed less tendency
to retract or to undergo changes in size and form than did the
individual blood capillaries. _

Due to these two characteristics— the relative sparsity of
regenerated lymphatics and their relative stability—it was
possible to follow isolated Iymphatics for long periods of time
and to study minute changes in their formand behavior. In
many instances, the same Iymphatics were followed from their
first appearanece in the table space, as sprouts from preformed
Iymphatics, through their growth period across the table, to
watch them become separated from their former connections
and subsequently to follow them for weeks or months.

In the case of every isolated lymphatic studied, the speci-
ficity of the lymphatic endothelium was obvious. The severed
vessel persisted with its wall intact, and resembled in all mor-
phological characteristics the normally connected lymphatics
in the same chamber. As was the case with normal lympha-
tics, the isolated vessels did not anastomose with neighboring
blood vessels, even when they were in such cloge proximity
that the two walls were in contact, and they also remained
distinet from the connective tissue. In their persistence as
endothelial-lined vessels, after complete isolation from the
rest of the lymphatic system, the lymphatics of the rabbit be-
haved exactly as did the experimentally isolated lymphatics
of Amphibia (Clark, 22).

Despite the absence of any outlet, the isolated lymphatics
retained their fluid contents which, like those of normal lym-
phatics in the same area, could be distingnished from the
gelatinous tissue substance by the bobbing of cells or particles
inside (Clark and Clark, ’33). The only exception to the fluid
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character of the Iymphatic contents occeurred occasionally in
vessels which were filled with erythrocytes following a hacmor-
rbage from an adjacent blood ve sel (p. 74).

In addition to retiuining their Specificity, the normal appear-
ance of their endothelia] wall and lumen and their fluid con-
tents, the isolated mammalian Iymphatics, Iike those of
Amphibia, were found to retain theip growth capacity. Many
Instances of the sending ont of neyw Sprouts, enlargement and
extension of the lumen and formation of ew anastomoses
were observed in vessels completely isolated from the lym-
phatic system. Figures 2, 4 ang 9 are records of lymphatics
which eontinued to &row in a typiea] manner after being com-
pletely separated from their former connections. In the case
of the vessel shown in figure 2 new Sprouts formed at the
distal end of the cut-off vessel, while in figure 5 new growth
took place at the proximal end ang iy ficure 4 new sprouts
were sent out from both ends of the seve

red lymphatic. Re-
traction of isolateq [ymphatics was alqq observed (figs. 2
and 3).

Again, as was the case in Amphibig (Clark, '22). the endo-
thelium of i1solated Iymphaties in the rabhit continued to ex-

hibit its norma] behavior as g membrane. When the same
isolated vessel was observed from day to day it was seen to

—_—

Fig. 2 Seleoted records, Leitz drawing e¥e-piece, af the same ianlated Iymplatie
(Lym.) and decompanying hluod vessels (B.V.) fallowed for 18 months. Chamber
inserted TFebraary 20, 1935, Lymphatic grew onto table Mareh 15th, 26 days
later, and separateq from its conneetion a¢ table edga April 2nd, when 14 days
old. Tirst sketeh, Apri] +th, shows isplated Iymphutie with rounded proximal end
A and branching distal end with Zrowing sprouts E, D and . Sketehes April
11th to August 1st sliow 1ges in extent and ealiber of iligial portien of lym-
phatiec.  New sprouts B and F grew out and new anastomosiy formed hetween
C and D after Iymphatic beenme isolated.  Sketep May 6th shows erythrocytes
(ERY.) packed in bulbous end R following haemorrhage from blood vesgel—
sprout G retracted. August Ist shows separation of conneetion between B and D.
Sketches August 20t to June 10, 1936 show whole extent of Iymphatic with
gradual retraction, Rabbit died Ottober, 1936, 20 months after insertion of
chamber and 18 months aftor isolation of lymphatio. A time of death lymphatie
atill present and had same fippearance as glhpwy in last gketeh June 10, 1936.
Dw.P., dwindleq polymorplipnueleay leukoeytos which emigrated inte lymphatie
and remained imprisoned in lumen. HOBRu,
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be wider on some dayvs and narrower on others, thus demon-
strating the passage of fluid in both directions through its
wall (figs. 2 and 5). In this respect also the behavior of iso-
lated lymphaties did not differ from that of normal, conneeted
Iymphatics in the same chamber. As a rule, the isolated lym-
phatics, like the conneeted ones, were wider during periods ot
aetive blood flow in the surrounding vascular network and

APR.A,1935
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VEIN iw“: MARCH 2

i - mpanying blood
vessels. Lymphatic separated f i i
March 2nd. This vesgel retracte
Blood vessels underwent marked uring observation
period.  Leitz drawing eye-piece. X 58,
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narrower at times of subdned eireulation (Clark and Clark,
W), On davs of moderate circulation in the blood vessels
mstances have been noted in which an isolated lymphatic was
wider than on the day before while another isolated vessel in
the same chamber had become narrower. In some cases the
two isolated lymphaties, displa ying this difference in hehavior
on the same day, had previously been continuonus portions of
the same lymphatie.

The appearance of isolated lymphatics, even after months,
did not as a rule differ from that of eonneected lymphaties ;
they continued to show the alternation of spindle-shaped nu-
clear thickenings with delicate thin internuclear stretehes. An
unusual feature presented itself jn one isolated lymphatie,
which consisted of the appearance, after several months in
the regions of the nuelear thickenings, of a few small vellow-
ish brown granules which persisted for months, Their origin
and significance were not determined. Another phenomenon
which was observed in this same lymphatic at an early stage
was a tendency for an oceasional endothelial nuclear area to
round up, bulge into the lumen and become completely sepa-
rated from the wall. Such desquamated cells were watched
for several hours. Their evtoplasm had a lacey, or vaeno-
lated appearance and their nuclei became opagque. While the
ultimate fate of individual cells was not followed, there were
Seen on several occasions at or near a place where the sepa-
‘ation of a cell had occurred the preceding day, small, amor-
phous, am@asmu...mismw-_ocﬁum masses which we interpret as
representing the remains of the desquamated cells—thus
apparently suffering the same fate as desquamated lymphatic
endothelial cells in the tails of amphibian larvae (Clark and
Clark, 27).

All of these observations on isolated lymphaties showed
that they retained the same properties as normal, connected
lymphaties in the same areas, i.e., their specificity, ability to
grow and retract, to maintain an open lumen with fluid con-
tents and to change caliber with passage of fluid in both di-
sections through their endothelial walls.
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CELLULAR CONTENTS OF ISOLATED LYMPHATICS

The cellular contents of isolated lymphatics varied with the
bresence or absence of cells inside them at the time of separa-
tion, with the proximity of such severed vessels to thin-walled
blood vessels, the subsequent occurrence of mflammation in
the chamber areas and with the presence or absence of macro-
Phages inside the isolated vessels. Tsually isolated Iymplia-
tics, like the normal lymphatics were colorless vessels contain-
ing only a few widely separated cells floating in their fluid
contents. In the absence of subsequent inflammation in the
chamber such an isolated lymphatic retained its clear and
almost non-cellular contents throughout the weeks or months
in which it remained isolated and under observation.

However, in a number of instances of isolated lymphatics
which were located in close proximity to a vein or capillary,
following a period of increased circulation, caused by heat,
pressure or by mild infection which resulted in a change in
the endothelium of the accompanying blood vesse] (Clark and
Clark, ’35), emieration of leukoeytes from blood wvessel to
lymphatic and, at times, haemorrhage into the lymphatic lu-
men were observed (Clark and (Clark, '37). Following such
all occurrence, the emigrated leukocytes or extruded erythro-
cytes were imprisoned in the lumen of the lymphatic, which
terminated blindly at both ends, and in cases in which no
further disturbance to the chamber area took place the same
collection of cells remained inside the lymphatic and could be

studied for long periods of time. Descriptions have already
been given of the emigration of groups of leukocytes, consist-
ing chiefly of polymorphs, from venules or capillaries, of their
migration into lymphatics and of the subsequent change of
typical polymorphs inside insolated lymphatics into small
round cells with round nuclei and diminished vitality which
led us to call them ‘dwindled polymorphs’ (Clark, Clark and
Rex, ’36).

Migration of leukocytes and haemorrhage from blood ves-
sels to lymphatics have been observed both before and after
the isolation of the latter from their original connections. For
example, the lymphatic shown in figure 4 became filled with
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Fig.4 Series of records of a branching lymphatic which separated from its
connections due to pressure at the table edge and later broke up into a number
of isolated segments following a period of mild inflammation (see text, p. 64).
May 14th, sketch of continuous lymphatic connected at table edge A, with pre-
formed lymphatics from whieh it had grown out 8 days previously. Lymphatic
contains erythrocytes which entered it from neighboring vein. Two days later
(May 16th) the lymphatic was cut off at the table edge A. May 20th sketch
shows formerly continuous lymphatic separated into five isolated segments follow-
ing mild inflammation. Distal isolated portion continued to grow at both ends
(K and J). June 6th, lymphatic segment H-G separated into two small blood-
filled ‘balls’ and segment ECD into three. Segment B retracted. Distal segment
continued to extend (J and F). Thirteen days later the smallest Iymphatic ball,
G, burst and discharged contents into tissue. Other isolated segments persisted
as long' as chamber was under observation. Leitz drawing eye-piece. X 32.
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blood from an aecompanying yveiy during g
mation in which the endothelium of the blood vesso] under-
went a c¢ha :, a softer and weaker conststeney ((lark and
Clark, 2 the period of veeoyer Yo in whicl (e sur-
ronuding region was subjected to inereused presgs; (p. 65)

the lymphatic became separated into five isolate (l seements,
some of which were packed with blood celle at :F_ v of

Separation (fig. 4, H, G).

In the specimen H:m;:,zc: in figure 2 the mphatic nnder
observation, which beeame cut off at the table edge following
the formation of dense connective tisspe fibheps (p. 61) at
time when no inflammation had ocenrred in the lr:ﬂ? area,
contained only a few cells at the time of separation. A month
later, followi mg a period of mild inflamm ation, a haemorrhage
into this TEEEEQ from an adjacent blood vessel was ob-
served (fig, 2, May 6th).

As Hu.;inosr?. deseribed AA_?:_, and C: _lf L_; the l'ate of
blood cells which entered an isolated lvmphatic from a neigh-
boring blood vessel varied ¢._:~ the amount of hloog in pro-
portion to the size of the Iymphatie and with the presence or
absence of macrophages inside {(he lymphatic. TIn several
instances of haemory lage into an isolated Iymphatie the blood
eells were so clog sely packed toeethor that the cell ouflines
were Eﬁr;:::c?rm:_c and the blood appeared to be laked.
However, continuous observations of such a blood-filled lym-
phatic showed that this appearance was due to concentration
of erythroeytes with Ho,.u_m of fuid f'rom the vesse]. Inn the lym-

phatic shown in figure 2 the blood was ¢ 'oneentrated in o solid
motionless mass in the tey minal bulbous end for several days
after its entrance from a nearby blood vesse]. On one day
the vessel became narrower and blood was squeezed out of
the end into the tissue where it was seen to congist of typical
discrete ervthroc evtes. The extruded blood eells were disposed
of within 48 hours. In another chamber, in which massive
H:EE_,:.H.HEQ@ occwrred into an isolated lymphatie, the blood
‘as concentrated in two solid masses gt both of its rounded
EE and the intermediate, empty portion became so nurrow
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that the Iymphatic had the form of an hour-glass. A few days
later, the lumen of the lymphatic beeame wider and the blood
masses at the two ends broke up into foating clumps in which
the outlines of individual erythrocytes were visible.

‘When blood which entered an isolated Iymphatic from a
nearby vein consisted of a moderate number of ervthrocytes,
the blood cells conld be seen fo move freely back and forth,
either singly or in rouleanx for the first day or two, after
which they frequently clung together in clumps and at times.
were seen to adhere temporarily to the vessel wall (Clark and
Clark, ’37). i ,

Phagoceytosis of ervthroeytes and dwindled polymorphs in-
side the lymphatic by macrophages has been observed repeat-
edly. The macrophages in some cases were formed from mono-
cytes present in the original haemorrhage, while in others they
migrated into the lymphatic from the outside tissue (Olark and
Clark, *28, '30). However, in many cases no macrophages nor
monocytes were present inside the isolated lymphatic at the
time of the haemorrhage and frequently a considerable time
elapsed before a macrophage from the tissue penetrated the
Iymphatic endothelium. Thus in the case shown in figure 2
erythroeytes from a single haemorrhage remained in the distal
end of the isolated lymphatic and retained their red coloration
for a month before a macrophage finally migrated through
the wall from the outside tissue and ingested a number of the
imprisoned cells.

Although the same groups of blood cells remained impris-
oned inside isolated lymphatics for periods of weeks or months
where it was possible to make daily microscopic studies of
such cells and of the endothelium of the surrounding vessel,
and although clumps of erythrocytes and individual blood
cells were observed to cling to the wall of the lymphatic at
times, no instance of the phagocytosis of the enclosed cells by
the endothelial cells of the lymphatic was observed.

Extravasations of blood cells into the tissue, which_usually
occurred simultaneously with haemorrhages into lymphatiecs,
were disposed of much more promptly—within a day to a




76 E. . CLARK AND E, 1, CLARK

week, depending on the size of the rmoBoirm@o. This was
due in part to the greater number of macrophages present in
the tissue than iy (Je lumen of ymphaties. The phagocytosis
of lurge numbers of extravasated bloogd cells by macrophages
has heen observed repeatedly.  Oqp studies have also shown
that crythroevtes miy apparently disselve without the ageney
of macrophages. In any case, the blood eells which were geen
to enter isolated Iymphaties .,.,..:b::m:m:ﬁmri with the extru-
sion of erythroeytes into the tissue, _.E‘E.r.ﬂ.S.,.,.. remained for
long periods—after all trace of the haemorrhage in the tissue
had disappeared. Moreover, blogd cells which hag been im-
prisoned inside ap isolated Iymphatic for weeks, have been
scen repeatedly to he ingested hy macrophages or to lose their
red color and disappear 1 or 9 days after being pressed out
of the end of the Iymphatic into the tissue.

These phienomens Just deseribed of rmoﬁooy..wwmmm from blood
vessel into isolated Iymphaties anc emigration of leukocytes
from blood vessel to lymphatie were also observed ip cases
m which the lymphaties were sti]] continuous with preformed
Iymphaties outside the table arey. In the case of connected
lymphaties the blood ecells, althongh they ?,E:m::m_. lingered
for many days, grad nally moved oyt of the observation area
(Clark and Clark, *37).

FATE OF ISOLATED LYMPHATICS

In observing individnal isolated Iymphatics from day to
day the most striking characteristie noted was thejr persist-
énce. In many instances the same 1solated vessels were fol-
lowed for months, during which time although they might
STow or retract, showing slight alterations in caliber from day
to day and changes in cellular content in the ways just de-
seribed, they persisted in the same locations ang retained
their characteristie shapes, so that they were easily recog-
nizable as the same vessels, wctmmﬂm&ﬁ Iymphatics whoge
original growth onto the table space as extensions from
preformed lymphatics had been observed, were watched as
they became cut off and were then followed for as long as the
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ISOLATED LYMPHATIC CAPILLARIES 7
particular chamber was under observation. Individual iso-
lated lymphaties, one or more in a chamber avea, have been
followed in this way in ten different chambers. In many of
these chambers the pattern of the surrounding blood vessels
underwent extensive remodelling during this period of study
(Clark et al., 231). .

The isolated lymphatic which was followed for the longest
period of consecutive observation was present in a chamber
which was studied microscopieally for 20 months.” The fate
of this vessel is shown in figure 2. The lymphatic first in-
vaded the table area as a sprout from a preformed lymphatie
26 days after the installation of the chamber. A ffor the first
week it became blocked at the table edge and 10 days later,
when this new lymphatic was 17 days old, it became com-
pletely cut off (fig. 2, April 4, 1935). For the first few weeks
after its separation the lymphatic continued fo grow in a
distal direction and two of its new sprouts anastomosed (fig.
2, D, C). During the succeeding months it gradually short-
ened and the loops formed by the anastomosing branches
broke apart and retracted. At the end of 7 months the last
of the new branches (shown in fig. 2, October 14th) was with-
drawn and the remaining short stretch of the lymphatic per-
sisted, unchanged except for slight alterations in caliber, in
the form shown in the last sketeh (June 6. 1936) until the
death of the rabbit 4 months later. Thus this completely iso-
lated lymphatic eapillary persisted for 18 months.

In the case shown in figure 3, the isolated lymphatic ceased
to extend and became shorter at a faster rate since the final
record, made 3 months after the separation of the vessel from
its former connections, showed only a short stretch of its
distal end still present. On the other hand, lymphaties have
been observed which continued to grow for a longer time after
their separation than the vessel shown in figure 2 and to ex-
tend much farther. For example, the lymphatic marked X in
figure 1 became separated from its former connections 1 week
after its appearance on the table when it extended for only
a short distance. During the next month this vessel continued
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to grow steadily toward the center of the table and at as rapid
4 raie as other lymphaties in the same chamber which were
still conneeted with preformed vessels outside the tabl
The photograph (fig. 1) taken 3 weeks after th
became isolated shows that this vesse] I
than anv other of the regenerated vessels

* space,
¢ lymphatic X
ad extended farther

observations were discontinued.

In some instances new growth and retraction toolk place
simultaneously in different isolated Iymphatics which had
formerly been continuous portions of the same vessel. IMigure
4 shows a lymphatic which was originally a continuous vessel
with several branches. The whole vesse] first became sepa-
rated from its connections at the table edge (A) and a few
days later, following a period of recovery from inflammation
in which the wholo region wag subjected to inereased pressure
(p. 65) the lymphatic was further broken up into five isolated
portions (May 20th). One streteh of the formerly continuons
lymphatic sent out new sprouts and continued to extend both
distally and proximally (fig. 4, sprouts .J' and K, L,
the 2 months in which the chamber was under observation.
Meanwhile, other isolated stretches of this formerly continu-
ous vessel gradually shortened (B, C) while two of them
separated still farther (C, D, E and H, G) so that a month
later (June 20th) there were eight isolated portions of the
original continuous lymphatie.

In another chamber, following a period of inflammation,
two regenerated lymphatics which extended, with several
anastomoses, clear across the table area, became separated
from their former connections in the preformed tissue and
at the same time broke up into a number of short isolated
stretches. During the succeeding months all traces of the
inflammation disappeared except for the persistence of iso-
lated lymphaties, some of which contained varying amounts
of blood cells which Lad been present inside them at the time
of their separation and others of which were practically free

) during
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from cells. The majority of these isolated lymphatics ve-
mained unchanged in length, o few retracted slightly, while
two formerly connected portions, after remaining isolated for
4 months, both sent out new sprouts which advanced toward
each other and reunited (fig. 5, D and B). After forming this

new anastomosis the resulting lymphatic was still isolated

Fig.5 Successive sketelios of two isolated portions (A-B and D) of a formeérly
continuous lymphatic which reunited after being separated from each other and
the rest of the Iymphatie system for 4 months (see text, p. 78). Lymphatic D,
a portion of which is shown, was also isolated at its proximal end from its former
connections off the table area. After the formation of 4 uew gprout on February
28th which anastomosed with Iymphatic B on March Hth, the reunited Iymphatie
still remained isolated from the lymphatic system. December Tth, lymphatic A-B
narrow and filled with concentrated blood which entered it from adjacent blood
vessel. January 15th, lymphatic wider, blood cells moving. February 28th, some
of the blood eells in lymphatic have been phagoeytized by macrophages, Leitz
drawing eye-piece. 3 45.

from its former connections outside the table area and hence
from the rest of the lymphatic system.

A similar case has recently been observed of two branches
of a formerly continuous lymphatic which became isolated
following the enlargement of a vein across their course (see
p. 63). After remaining as two short isolated vessels lying
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parallel to each oflier for 4 months, one of the
out a number of new sprouts from its two ends
ally, five of whiel,

veszels sent
and also later-
1astomosed with the H.EE.E;:.E@ isolated
lymphatie, thereby forming a smal ly
remained for severnl months sti]] e
the Iymphatic system,

[n a chamber which is still undep observ:

ation, two regeners-
ated H.,.-Bﬁ:m_:..nm_ ench extending more than halfway aeross

the table area, have been separated from thejy original eon-
nections at the tghle edge for over 5 months ane during that
time they have shown no change in edtent or form, aside from
a slight amount of ot ‘action at their distal euds. During the
same period of observation much of the bhlood vessel network
of the same region has undergone extensive changes in pat-
tern, m:,.'o_i:m. formation of peyw capillaries, retraction of
others, changes in size, shape and direction of flow in several
of the larger veins, and formation of & new arteriole,
Although the majority of the lymphatics which became
Separated from thejr counections persisted _.aammb:mc_. in the
manner just deseriled, in two of the chambers studied the
disappearance of certain of the isolated lymphatics was ob-
served. In every ease of this kind the Iymphatic either had
the form of g small round ball, packed with hlood cells, at the
time of itg separation, or if shortened from an ¢val to a
spherical form within a few days. Figure 6 depicts the fate
of a lymphatic the distal end of which (B containing ery-
throeytes and a macrophage, hecame Separated from its
former connection A, During the first 24 honrs of igolation
its lumen narrowed and it sent ont a short sprout from its
proximal end, which was retracted on the ﬁ.o:_o,.i:m. day. On

mphatic plexus, which
ompletely separated from

Fig. 6 Series of sketehey with Leitz drawing eye-pieca of g lymphatie capillary
(Lym.) the end of whieh (B) became isoluted from its connectipn (4). B.V,
hlood vessel; Ery,, ervthroeytes; M., macrophage. J ry 26th shows Iymphatie
15 days after ity Appearance at table edge, Junuary opg shows isolated portion
of lymphatic B soon after suparation from A Jantary 29th jsoluteq Iymphatic
B retracted into rounded form filled with bload, w 135. Bketehes February 3rd
to February 13th. higher power drawings of Iymphatie B showing disintegration
of endothelium weith digehnrgre of tontents, nd N, endathelial nuclens of |ym-
phatic.  Oil immersion, XK 18,

an
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the third day after jis separation (fig. 6, January 29th) the
isolated lymphatic had shortened ang assumed the form of a
small blood-filled sphere. Tt persisted in this form for 2 weeks
longer and at 17 days after its sepavation the endothelium
z_.,J._:;.H\._A.J_.H.m_“_ﬁ.iu discharging its contents of erythrocytes into
the tissue (fie. 6. February 13th) where they were subse-
(uently ingested by macrophages. Tp this same specimen,
two other lymphatics, which Separated from their conne tions
in the form of small, round, blood-filleq balls, went to pieces
n the same way, one of them after 5 days and the other after
7 days.

In another chamjr. following o milg mflammatory reac-
tion, two short strofelies of a formerly continuous lymphatic
packed with ervthroeytes became isolated, assumeq spherical
forms, and &m:_:..n.ﬁ_‘_,o? one of them 7 days and one 13 days
later. TIn thig stcond chamber, two other short blood-filled
stretches of the same lymphatie became separated from their
former connections 11 the same time ang although they also
rounded up into small halls, indistinguishable in appearance
from the two whicl| disappeare, they both remained un-
changed for 2 mont)« and showed 110 evidence of disintegra-
tion when observations on the chamber were discontinued. A
number of other isolated blood-filled Iymphatic ‘balls’ were
observed, in other chambers, whiel persisted unchanged for
over 4 months after separation from the Iymphatic system.

All of the preceding descriptions of the fate of isolated
lymphatics have heen concerned with vessels which in addition
to being separated from their former connections outside the
table were located at » distance from other regenerated lym-
phatics on the table. However, cases have been observed in
which isolated Iymphatics were more favorably situated with
respect to other comectod lymphaties present in the table
area or to new vessels which subsequently invaded the table
space, in which the fate of the isolated Iymphatics was differ-
ent. For example, in one chamber tyg new lymphaties in-
vaded the table space at about the same time and advanced
In an approximately piurallel direction with no large blood
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vessels in the intervening space. One of the new vessels he-
came cut off from its connections at the table edge and 2 weeks
later the neighboring vessel, which had remained eonneected,
sent out a lateral sprout which anastomosed with the iso-
lated lymphatic thereby reincorporating it in the Iymphatic
system. .

In the case of the lymphatie illustrated in figure 7, the ves-
sel separated from its connection at the table edge 1 week
after invading the table area. At the time of isolation it con-

tained a few freely movable leukoevtes. Twenty days later

Fig. T Series of records of Iymphatie capillary (Lym.) which was cut off at
table edge 1 week after invading observation area and remained isolated for 49
days when it united af its distal end with a new sprout (C) from a lymphatic
which grew across the table from the opposite side (see text, p: 84). July 22ud
shows isolated Iymphatic 2 months after it was cut off. August 5th, same iso-
lated Iymphatic fillad with concentrated blood which entered it from adjacent vein
following a period of inflammation. Shows wavy contour of wall, August Tth
shows same lymphatic at time of anastomosis of its distal end, B, with new lym-
phatie sprout ¢, 3w 45

during a period of inflammation, due to a small localized in-
fection in the ear outside the chamber area, this lymphatic
became filled with blood which entered it from an adjacent
vein. The blood was packed so tightly inside the lymphatic
that it formed a motionless mass in which cell outlines were
indistinguishable and at the same time the outline of the
vessel assumed a ‘scalloped’ appearance and its lumen be-
came much narrower, indicating concentration of blood with
loss of fluid. The isolated lvmphatic persisted with little
change in length, outline or contents for 3 weeks at the end

THE AMERICAN JOURNAL OF ANATOMY, VOL. 62, NO. 1
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of which time a new | ymphatic which in the interim had grown
across the center of the table from the opposite side, came.in
contact with its distal end and united with it. After the forma-
tion of a continuous lumen between the fwo vessels, the mass
of blood in the formerly isolated portion started to move back
and forth. During the next few days the blood broke up at
first into clumps and then into discrete erythrocytes. Twelve
days after the formation of the new connection, the blood
cells were washed out of the formerly isolated portion. This
Iymphatic had remained completely isolated for 49 days.
Two other lymphaties in the same chamber remained iso-
lated for 50 and 72 days respectively before they too anasto-
mosed with neighboring vessels in the same manner. In
another chamber a lymphatic which became separated from its
connections at the table edge remained isolated for 4 months

outside the table arca sent out a new sprout which anasto-
mosed with the proximal end of the isolated lymphatie.

EFFECT OF ISOLATION OF LYMPHATICS ON THE TISSUE

In all of our studies on isolated Iymphatics simultaneous
observations of the surrounding tissue were carried out. In
1o case was there any visible microscopic change in the char-
acter of the intervascular tissue either at the time at which
a lymphatic became blocked or cut off or in the weeks or
months which followed. This was true of regions in the
chambers in which completely detached lymphatics were the
only vessels present as well as of areas in which continuous
lymphatics were also located. In a number of chambers, such
as the one illustrated in figure 1, new lymphaties invaded the
table space from one side only and frequently failed to grow
beyond the center of the table. In such cases the tissue on the
side of the chamber in which a lymphatic supply was absent
showed no difference, discernible with the microscope, in the
amount or character of cells or fibers or intercellular sub-
stance from the areas in which lymphatics were present.
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DISCUSSION

These studies, supplementing those previously reported on
the growth and behavior of lymphatic capillaries (Clark and
Clark, *32, 733, '37), shed light upon several aspects of the
lymphatic problem in the adult and are extremely. suggestive
in relation to certain problems of lymphatic growth in embry-
onic stages. : -

The persistence of isolated lymphatics for as long as 18
months, during which they retained the characteristic morpho-
logical and physiological properties of lymphaties and did not
become transformed into any other types of cells, indicates a
high degree of specificity for this tissue. All of our studies
indicate that new lymphatic endothelium forms from pre-
existing lymphatic endothelium by the process of sprouting,
and that once formed it remains Iymphatic endothelium.

Regarding the capacity of the endothelial cells of peripheral
lymphatics in the mammal to phagoceytize partially degener-
ated erythrocytes or other cells inside or outside the lumen,
the answer, from these studies, is in the negative. We have
seen in single isolated lymphaties hundreds of such Impris-
oned cells which remained with no apparent diminution in
number for weeks and with no evidence of phagocytosis by
the lymphatic endothelial cells. In other cases one or more
macrophages have entered an 1solated lymphatie which have
sporadieally phagocytized some of the partially degenerated
cells, indicating that these cells are in suitable condition to
be phagoeytized (Clark and Clark, ’37). There is also no
evidence that the lymphatic endothelium gives off as a secre-
tion any substance which might dissolve or digest semi-
degenerated cells contained in their lumen. On the whole,
the evidence points to the remarkable situation that the endo-
thelinm of peripheral lymphatics may actually protect debris-
like material from the action of macrophages and perhaps
other chemical substances. This is indicated by the rapid
cleaning up of extravasated erythrocytes from the tissue
spaces, and has been demonstrated in most striking fashion
by the disappearance from the tissue spaces, often within
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24 hours, of partially degenerateq erythroevtes oy polymorphs
which had heen present i oan isolateq lymph
weeks, and which had been forced out into the tissye spaces
by pressure over {he Iymphatie, Thus it appears that the
peripheral lvmphatics may actually harbor ang protect debris
and partially deecnerated cells, just as Drinker et a]. (’35)
found that bacteria survive longer in Iymphatics than in the
Llood stream, and that specific antisernm passes with difs-
culty, if at all, info lymphatics. In this discussion it should
be emphasized tha we are dealing witl; the endothelium of
peripheral lymphaties, and 1ot that lining the sinuses of the
lymph node, where there s evidence from the observations
of many Investigators for pinocytosis and phagocytosis by
Iymphatic endothelial cells.
The failure to find any BHEmoBumn change in the surround-
ing intervaseulay tissue in the transparent chambers after the
1solation of Iymphatic capillaries from the
or to detect any vigible microscopie difference between regions
supplied by Iymphaties and those in which lymphatics were
absent, as wel] as the previong observation (Clark, ’36) that
the removal of extravasated blood an othe
on the table following the insertion of the chamber, takes place
at the same rate and in the same manne, regardless of the
presence or absence of new H.‘.,BE:EA.P throw doubt on the
theory of Drinker and Field ("33) that I¥mphatics are essen-
tial for the removal of protein from the subcutaneous tissue.
Regarding the problem of growth anq regeneration of lym-
phaties in the adult, onr recent mieroscopic studies of living
lymphaties coupled with the obseryy tions reported here, which
demonstrated the inherent growth capacity of lymphatic endo-
thelium and at the same time the ease with which the exten-
sion of regenerating lymphatics may be prevented and their
continuity Interrupted by mechaniea] factors, afford g possible
explanation for the failure of Meyer ( '06) to demonstrate
regeneration of lymphaties in his experiments on dogs. It is
probable that either early formation of fibrous tissue in the
wound obstructed the growth of new Iymphatics or that later

atic for davs or

I debris, present
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formation of dense sear tissue blocked or severed lymphatics
which had already r venerated thereby making impossible
their demonstration by injection. Our findings thus supple-
ment the results obtained by Reichert (’26) who repeated
Meyer’s experiments and found that regeneration of lympha-
tics occurred within 4 to 8 days in cases in which there was a
minimum of tissue reaction and that bridging of the gap by
new lymphatics was interfered with when dense scar tissue
developed.

[n relation to the stil] unsettled question of the mode of
dilferentiation of Iymphatics in early embryonic stages, these
studies introduce possibilities which have hitherto been over.
loolked.

One of the possible modes of primary differentiation of
lymphaties which was suggested by Lewis ('06) is that they
may arise from transformed portions of veins. He based this
hypothesis on the finding, in reconstructions from serial sec-
tions of rabbit embryos, of apparently isolafed portions of
endothelial-lined tubes which he interpreted as veins which
had lost their connections with the blood-vascular system, in
locations in which at a later stage there were connected lym-
phatics. Our studies indicate that the isolated struetures de-
seribed by Lewis may be lvmphaties which have grown out
from other Iymphatics and become separated. Further doubt
1s cast upon thig hypothesis by our observations of the he-
havior of isolated portions of blood vessels. According to
our observations of living vessels in Amphibia and in the
abbit, blood capillaries, in contrast to lymphatics, are rarely
completely severed from their connections and in the excep-
tional cases in which such & separation occurred, or when it
was produced experimentally, the isolated blood vessel nsn-
ally formed a new connection within 48 hours (Clark, 18, '22).
In one instance, a case in which the circulation in the sur-
rounding vessels diminished and growth of new sprouts ceased
temporarily, an isolated blood capillary was seen to shorten
and disappear within 3 days after its separation (Clark and
Clark, ’32).
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The prabability that ‘veno-lymphaties’ may be isolated lym-
Phatice is further strengthened by the observations in embrvos
that Iymphatics bofore the development of valves are normally
filled with blood which backs up into them throngh their
venous connections (Clark and Clark, *20) so that a lympha-
tic which became separated from itg connections at an carly
stage would as a rule contain erythrocytes, Moreover, the
studies reported here demonstrate that in many cases periph-
eral lymphatics contain blood cells which have entered them
from adjacent blood vessels either hefore op affer their iso-
lation.

Another hypothesis regarding the mode of differentiation
of Iymphatics in the embryo which ig affected by these studies
is the one maintained by Huntington ang MecClure ( 10) and
their pupils and recently revived by Zimmerman (35),
nhamely, that Iymphaties arise by the transformation of meser-
chyme cells into endothelium, and which is based largely upon
the finding of apparently isolated siretches of lymphatics in
reconstructions from seria] sections. Previous criticism of
this hypothesis stressed the difficulty if not impossibility of
making complete reconstruetions, so that connections which
Wwere actually present may have been missed (compare E. R.
Clark, ’11 and E. I.. Clark, '12). T, this is now added the

still more serions difficulty that there may be completely iso-
lated portions of lymphaties which have formerly been con-
nected but whoge connections may have been eliminated.

The present studies are also suggestive ag 3 possible partial
explanation for the variations in distribution and richness of
Hu,.EE_mmam_, as compared with blood vessels in the adult mam-
malian body. Thus it is possible that, at gan early stage of
embryonic development, Iymphatic capillaries may grow into
many regions along with growing blood vessels, and that sub-
sequently they may be blocked or eliminated following the

formation of dense tissue or the development of mechanical
conditions around them which may obliterate their lumen by
outside pressure. This might, for example, explain the proba-
ble lack of lymphaties in adult bone marrow, muscle bundles
and liver lobules.
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In other organs, on the other hand, such as the Iung, the
absence of outside hindrances may present especially favor-
able mechanical conditions for growth and survival of lym-
phaties with a resultant wealth of lymphatics.

SUMMARY

In the course of microscopic studies of regenerating blood
vessels, lymphatics and other new tissues in the transparent
‘round table’ chambers inserted in rabbits’ ears, a number of
CiSes were encountered of lymphatic capillaries which became
completely separated from their former connections with the
Iymphatic system.

All of the new vessels which invaded the table space arose
as endothelial sprouts from pre-existing vessels in the tissue
around the table. The isolated Iymphaties were in every case
originally portions of continuous regenerated vessels and
there was no evidence that such structures arose in situ.

The separation of Iymphatics from their former connections
was found to be due to mechanical factors which exerted ex-
ternal pressure on lymphatic capillaries in the restricted and
rigid observation space. Regenerating blood vessels, owing
to their higher internal pressure, were able to penetrate re-
gions of dense tissue and to maintain connections and normal
circulation in locations and under conditions in which the
growth of new lymphaties was impeded, their lumens blocked
and, at times, their continuity interrupted.

Isolated lymphaties remained specific and in most instances
retained their vitality, their powers of growth and retraction,
and their normal appearance. During their period of isola-
tion there was evidence for the passage of fluid in both di-
rections through their endothelial walls.

The cellular contents of isolated lymphatics varied with the
amount of blood present inside them at the time of their sepa-
ration, with the presence or absence of macrophages in the
lymphatie, and with the occurrence of inflammation in the
chamber area. Following changes in the endothelium of adja-
cent blood vessels, emigration of leukocytes and haemorrhage
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from blood vessel: into isolated lymphatics were observed.
Blood cells imprisoned in the lumen of an isolated lymphatic
remained for months in contrast to the rapid disappearance
of extravasated hlood in the tissue outside. Phagocytosis of
partially degenerated leukocytes and erythrocytes inside iso-
lated lymphatics by macrophages was observed. No instance
of phagocytosis of imprisoned blood cells by the lymphatic
endothelium was seen.

Many of the scvered Iymphatics remained isolated for as
long as the chambers were under observation. In one case
an isolated lymphatic persisted for 18 months—until the death
of the animal. In a few instances short stretches of lympha-
tics, packed with blood cells at the time of separation, were
seen to burst, discharge their contents, and disintegrate while
other similar small blood-filled lymphaties persisted un-
changed for months. In some cases two neighhoring isolated
lymphatics were seen to send out sprouts and form an anasto-
mosis, while still remaining disconnected from the rest of the
lymphatic system. In several instances, lymphatics, after
remaining disconnected for months, were reincorporated in
the lymphatic system by union with new sprouts which grew
toward them from other regenerated lymphatics on the table
area or from preformed lymphatics at the table edge.

No visible effect on the surrounding intervascular tissue
discernible with highest magnifications of the microscope, was
produced by the separation of lymphatic capillaries from their
previous connections.

;
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