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In spife of the vast amount of work which has been done
during the past thirty vears on the development of the lym-
phatic system, there are still many waps e oour knowledge
ol 1{. Previous to 1900, no concluxive studies had been made
regarding the question, although several hypotheses had been
proposed, which may be eclassified in two veneral  groups.
According to one view, Iymphatic endothielinm we thought
to be a derivative of blood-vasenlar endoth im, while se-
cording to the second and more widely held view lymphatic
endothelium — differentiated  from mesenchyme  cells  and
acquired connections with the vascular system secondarily.

The growth of the differentiated system was generally
considered to take place by the continned addition of mesen-
chyme cells, although Ranvier ('97) pictured lymphatic endo-
thelinm as mvading the body by a process of out sprouting,
as the roots of a tree extend into the round, while S. Mayer
('85) believed he had evidence for the continued transforma-
tion into lymphatic vessels of blood vessels cut oft from the
remainder of the blood-vascular svstem.

A new era in our knowledge of the Iymphatic system was
mangurated in 1901 by F. R. Sabin’s epoch-making studies
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on the development of Iymphaties in pig embhryos, carried
out uuder the stimulation of Prof. 1, 1. \[all. She discovered
that was possible to injeet Iymphatics I the embryo,
espectally those of the skin, and her mjeetions showed gradu-
ally extending plexnses whicl, started first at the base of (he
neek, wheve they were connected with the venous svstem at
the junction of the anterior and posterior cardinal veins, and
a little later in the inguinal region, where they were tempo-
rarily connected with the iliae veins.  From the carly con-
neetion with the venous svstem, Sabin concluded that lym-
phatic endothelium arises by a process of sprouting from
the veins, and from (he gradual spread of mjectible plexuses,
she inferved that erowth veenrred by sprouting. . Ahout the
same fime, MacCallum ('03) published the results of an jm-
portant scries of studies on the relation between the lym-
phatie capillary, on the one hand, und (he subcutaneous tissue
spaces and peritoneal cavity, on the other, in which he found
the lymphatic to he a closed svsten, without preformed
openings.

Sabin’s discovery started an clnormous amount of investi-
gation on the mode of differentiation and growth of the
lymphatic endothelium. Among these may be mentioned the
numerous studies of Huntington ang MeClare (°10, '14) and
their pupils (Miller, 125 West, ’15, and others) on the devel-
opment of the lymphatics in whicl, the method of reconstruc-
tion from serial sections Was used and from which the
authors concluded that the Ivmphatic system arises from
discontinuous mesenchymal anlage which make secondary
connections with the vewns; and the extensive studies of Hover
('10) and his pupils (Baranski, '10; Dziurzynski, ’11; Mier-
zyewski, "11; Polinski, '10; @omow..o,,,,_.,.&v 3, among others) on
the comparative embryology of {he lymphatic system, in
which the injection technique was used and which all pointed
to the origin of lymphaties from venous endothelium by a
Process of spronfing. The authors (Clack and Clark, ’20),
from a study of the first identitiahlo Iymphaties in chick em-
bryos, using both of fhe ahove metli coneluded that it was
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impossible {o decide with absolufe cerfainty i regard {o the
exact mode of origin of lyvmphatic cndothelium From fixed
material, although the ocenrrence of wore numerons connee-
tions between the carliest lymphatic capillavies and the veins
—the majority of which ave lost in the frst thivey hours of
development-—muake it appear move probable that the first
hrmphaties are derived tfrom the veins.

Although the exact mode of primary differentiation of
hmphatic endothelinm still remains an unsettlu] question,
the problem of the manuner of growth of Ivmphaties after the
oviginal formation is in a more satisfactory state. Fortun-
ately, m a region such as the {ransparent tail fin of the
amphibian Invva, it is possible to observe lymphatic capil-
baries diveetly in the living animal with highest microscopic
magniications,

One of the authors (Clark, 709, 12, ™22), using chloretone
anacsthesia and a speeial micro-aquarium, was able to make
datly long-continued high-power microscopie observations of
the same growing Iymph vessels over a period of weeks and
to establish definitely that, i amphibi 1w the Ivmphiatic
capillavies wxtend by outerowth from preexisting lymplhatic
vessels, which invade the tail in the manner stuguested by
Ranvier ("097), Le., by the sending ont of Hnoe protoplasmie
sprouts which beecome definitely lpmon-containine,  Nuvkenr

ovit to he _.:;.:..TT.L by

aveas in the lymphatic spronts wi
the Inwandering of nuelear aveas frony (he main <iem s
by mitotic division. In its growth the lymphatic endothe-
linm remains specifie, showing no fendeney toward anasto-
mosis with blood-vaseular endothelium nov to the addition
of any form of connective-tissue cells. Tt was also observed
that new lymphatic capillaries extend as a completely closed
system, and that fhe Iymphatic endothelium is synevtial in
character, sinee nuelear arveas were observed fo move past
one another in the vessel wall,

Dzinvzynski (’11), using the same method, made a study of
Iymphatics in the regenerating tails of tadpoles and found
that here, too, the lymphaties extended by a vepetition of the
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Same process of sprouling from Preexisting lymphatic endo-
thelium shown in the original invasion of the tail fin.
Livmishaties whicl were isolated experimentally from their
Conneciions were observed to retain their vitality and power
oF wrowth for three weeks and longer and eventually to be
remeorporated in the lymphatic svstem.  The regencration
or healing of such severed lymphatics was found to be much
slower than in the case of blood capillaries similarly isolated
(Clark, ’22). Tt was also possible to carry out studies on the
morphological characteristics and reactive powers of the lym-
Dhatic capillaries in the tadpole’s tajl under a number of
experimental conditions (Clark and Clark, *17, 20, 23,

Although the mode of growth of lymphatic capillaries was
proved in the case of the amphibian larva, it was not clear
Just how far the resnlts obtained were applicable to the mam-
mal, since no natural fransparent region in the mammal is
available for sueh long-continued, high-power microscopic
studies iy (he living animal undey normal conditions. While
the studies of Coffin ('06), who found newly formed lym-
Phaties in peritoneal adhesions, and of Evans (708), who
demonstrated lymphatic invasion of ¢Xperimental ¢arcomata,
indicated that new Iymphatics may form in the adult, the
conflicting studies on regeneration of lymphatic vessels by
Meyer (°06), who found none, and Reichort (’263), who de-
scribed regeneration, prove the meagerness of the knowledge
m this field.

It was with a view to the possibility of making observa-
tions on Living Iymphatic capillaries in the mammal, similar
to those already carvied out in the tadpole’s tail, as well as
studies on living blood vessels and various other cells and
tissues, that the new method of ingerting trausparent cham-
bers or “windows’ into rabbits’ cars was devised.

The first transparent chambers adapted to such studies
were inserted by Sandison ('28) in thig laboratory. He was
able to make microscopic studies on the same growing blood
vessels over a period of four months, and to observe living
blood cells both in the circulation and in the outside tissue
(Sandison, 28, ’31).
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Within the past three years a numbeér of workers in this
laboratory have collaborated in ovder to obtain standard
chambers, adapted for various kinds of cytological, physio-
logical, and cxperimental studies, which would remain per-
manently in the ear and in which an observation space of
known and controllable thickness could be retained. Four
varieties of successful chamber have been developed, a suffi-
cient number of which have beeu inserted in rabbits’ ears
to be certain of their meeting the various requirements (B, R.
Clark, Kirby-Smith, Rex, and Williams, '30). Of these fonr
kinds the ‘round table’ chamber is in most ways the best
adapted for the study of new-growing vessels and tissues.
The distinctive feature of this chamber is the round central
observation table (0.6 mm. in diameter) made of clear celly.
loid, which is fitted into a hole cut through the ear at the
time of operation and across which the new tissue grows.
The thickness of the new tissue is regulated by the thickness
of four small celloidin buffers, glued to the table at spaced
intervals, since the top of the chamber, composed of clear
mica throngh which the observations are made, is screwed
down at the time of operation until it comes in contact with
these buffers.

A general description of the growth of new mammalian
blood vessels as observed in over sixty of the standard ‘round
table’ chambers has been published (Clark, Hitschler, Kirby-
Smith, Rex, and Smith, ’31). It was possible to make con-
tinuous microscopic observations of the living growing blood
vessels, together with simultaneous observations of the cir-
culation, in chambers of uniform shape and dimensions and
with known and controlled thickness, and to follow the sub-
sequent changes in the vascular pattern over periods of many
months—for more than a year in several instances. The
growth of new blood vessels, as extensions from preformed
vessels, across the observation table and the subsequent re-
modeling of the vascular network took place in such a definite
and regular manner under the relatively uniform conditidns
present in the standard chambers as to make it possible to
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prophesy the gencral course of events in any new chamber
which is inserted.

Lymphatic capillaries were firgt identified with certainty
in February, 1930, in a chamber of the “round table’ vaviety
In which observalions were being made upon growing blood
vessels. It was then cvident that, for the first time, a region
was available of snfficient transpareney to make possible long-
continued observations, with high microscopic magnifications,
of the growtl, morphological character, and reactive powers
of mammalian lymphatic vessels, in the living animal. At
the same time it was clear that the previously unsettled ques-
tion of the capacity for regeneration of the adult mammalian
lymphatic system liad been definitely answered in the
affirmative.

Lymphatic vessels have been seen in the majority of the
chambers containing new growing tissne which have been
inserted since that {ime. In eight of these chambers inten.
sive high-power studies of the growing lymphatic capillaries
have been carvied out. Continuous daily records of the samo
growing vessels were made with the Leitz drawing eye-piece,
similar to those made in former Investigations of the living
growing lymplatics of amphibian larvae (Clark, E. R, ’09,
’12), and for many of these the oil-immersion lens was used.
In addition, heth low- and high-power photomicrographs were
taken. For the latter it proved possible, with the Leitz * Mi-
filmea’ camera and Bastman “Superpanchromatice’ film, to
obtain oil-immersion snapshots (1/10” to 1/50”) of living
lymphatic and blood capillaries (figs. 13 to 16). Further-
more, through the kind cooperation and expert assistance of
Dr. E. A. Swenson, high-power cinematographic records of
Iymphatics and blood vessels have been obtained. A pre-
liminary account of observations on living lymphatics was
presented at the meetings of the American Association of
Anatomists at Chicago, April, 1931 (Anat. Rec., vol. 48, p. 13).

A description of the construction of the ‘round table’
chamber and of the operation for its insertion in the rabbit’s
ear has been given (Clark et al,, ’30, p. 196). The thickness
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ol the space over the observation table which was invaded
by the growing blood vessels and lymphaties was left at
approximately 40u to 75 during the period of intensive

Fig.1 Photograph of ‘round table’ chamber with a detached outer collar (o.c.)
which has been in ear for three months. The outer collar is carried on two
individual Dolts (¢.b.) whieh pass through the ear at a distance from the
chambar (eh), thus serving as a splint for the chamber, A *pie-plate~shapod
shield (8) of thin (0.24-mm.) Kodaleid is bolted over the top when the chamber
is not uuder obsery chumber is thus both immaobilized and protee
from insults wasler; el 1, 2, and J, bolts of chamber prope
cent.t., contral table of chamber, in which new tissue has growy,  Nuoaturnl size,
We are ebted to M. Mrs. B. B, Variuw for the photograph and the
photomicrographs.

study in which the records reported here were made. Since
the mica covers were only 60 u in thickness, the whole prepa-
ration, including both the new tissue and coverslip, was in
most cases thinner than the ordinary no. 1 coverslip. -Fig-
ure 11s a photograph, natural size, of a ‘round table’ chamber
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with the detached protective collars (see p. 61), which had
been in position for three months, and in which studies of
growing lymphatics were carvied out.

The living mammalian lymphatic capillaries, as seen with
high magnifications in these transparent chambers in rabbits’
cars, appear as clear vessels with walls of delicate endothe-
linm in which the nuclear thickenings stand oul distinetly as
clear lens-shaped structures, or, frequently, as laree rounded
swellings which bulge into the lumen, The outline of the
living mammalian Iymphatic is slightly more irregular than
that of the blood capilary, but this diff rence is not nearly
0 marked as in the tadpole’s tail, where the living lymphatic
capillaries are continually sending out and withdrawing nu-
merous fine-pointed projections, so that the contonr of the
| wall is constantly changine. The lumen of the lymphatie
vessels as seen in these chambers varies in diameter from
“. that of the smallest blood capillaries to that of the larger
. venules. The thin wall of simple endothelium is charaecter-

istic of both narrow and wide lymphatics. Although the lym-

i phatie capillaries frequently lic very close to hlood vessels,
they never anastomose witl, them. The fluid content of the
Iymphaties is clear and colorless, except for occasional blood

o cells of different types. Sucl, cells are very sparsely dis-
“ tributed, as a rule, although under circumstaices, which will
be deseribed in a later article, their number may increase
tremendously. Figure 9 shows’ variation in cellular content

.of the same Iymphatic capillary on different days. The char-
acteristic movement of fluid inside the Iymphatic. capillary

of the chamber area—a movement which ean be studied di-
rectly by means of occasional blood cells which they contain—
was seen in most cases to he a bobbing back and forth, syn-
chronous with the heart beat or respiration, with onlv a slug-

__ gish, jerky, forward progression. Cinematograph records
were obtained which showed this characteriztic back-and-
g forth movement in the Iymphaties, simultaneounsly with the
o | different types of blood How in arterioles, veins, and capil-
laries present in the chamber area.

-
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In the first chambers in which we observed vessels possess-
ing the characteristics just mentioned we followed thom very
cavefully, by means of the oil-immersion lens, and demon-
strated clearly their continuity with similar vessels in the
preformed tissue outside the table area, and, in addition, we
identified the same vessels day after day and made continuous
observations of many hours’ duration, with simultaneons

records of all the neighboring blood vessels. in order to be

positive that we were dealing with true lymphaties. "This
preliminary study, combined with experience from former
observations of living lymphatics in amphibian larvae and
in chick embryos, now makes it po=sible for us to distinguish
mammalian lymphatie capillaries from blood caplillaries with
ease, even in the earliest stages of their growth, provided, of
course, that the tissue is sufficiently thin and transparent to
permit of the use of high mieroscopic magnifications.

When the growth of individual lymphatic capillaries was
studied intensively in the transparent chambers of this type,
1t was clear that they, like the growing hlood capillaries, in-
vaded the area of the central obscrvation table as extensions
from vessels already present in the surrounding preformed
tissue. However, the appearance of new Iymphatie capillaries
in the observation area was always secondary to that of the
blood capillaries. For example, in a series of eight chambers
in which the growth of lymphaties was studied with especial
care, it was found that the new vessels invaded the table area
on an average of nineteen days after the operation with a
time interval varying from ten days to forty days after the
operation. In the case of at least two chambers, no lym-
phatics were seen in the thin space over the table. On the
other hand, in the case of the blood vessels, as reported
(Clark et al.,, ’31), the time interval for invasion of the table
area by new-growing blood capillaries varied from five to ten
days after the operation, with an average of seven. In one
case in the series, in which lymphatics made their earliest
appearance at the periphery of the table ten days affer the
operation, the new blood-vessel plexus had extended a third
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of the distance loward the center of
abpeared on the edge of the talje il
after the operation. Tn a case in whie
not grow onto (he central table unti] forty
operation, the hlood capillarvied had stavtod ¢
the central table ai five days afte
lavization of the talle ariea ha
days betore the fjrst appeardie
al the fable ede.

the table, lving
ghtiv ander five

I new Ivmphaties did

days alter tlie
0 advance onto
the operation and vasen-
been complote for twentyv-four
¢ of a new lymphatic capillary

We fomnd that (he distribution and patlern of the
Phaties of a given table areq usually varvied with
i the velative time at which they invaded the
instaniee, in cases in which Iymphatics grew info the obseryva-
tion space at the same time as or soo afioy blood vessels and
filivollasts, they showed g tendency to imvade the table at
several points avound its periphery, 1o erow more or less
At random in the interstices of the blood-voesse] network, and
to form g wide-meshed plexus. On the other hand, in cases
in which the lymphatie growth lagged conspienously behind
that of the blood capillaries, the new brmphaties showed a
tendeney to grow close to ONe or more of the larger blood

Virssels,

new lym-
differences
area.  For

.

Fignre 2 is a photograph of the fiy
shows the clear Iyvmphaties forming a wide-m exhed plexus. Tn
this ¢hamber Iymphaties appeared on the table a woeelk later
than the first blood capillaries and for part of the time ad-
vineed simultaneously with the latter across the thin space
over the table, while at the time the photograph was taken a
few of the new lympliaties were invading the area of the
eentral blood clot side by side with the growing zone of blood
apillaries. Tn contrast to this is fhe condition shown in

3 hugs the lareest arterv of

st type of growth and

figure 3, in which the Iymphatie
the chamber for most of its extent. TIn this latter ecase no
Iymphatics appeared in the observation area until well over
a month after the operation and mntil three weeks after the
uew blood-vessel plexus had complefely covered the table. Af
that time a ginele Iymphatic capillary invaded {he central




Fig. 2 Photomicrograph of table area, twenty-five days after insertion of chamber in yulibit’s car, showing
plesus of dymplaties characteristie of carly Bivasion (text, p. 58). Blonl vessels sturled to invade the table from
poriphery vight duvs after operttion.  Viseulnrization of this areit complote at twenty-eight days, Lymphatics
grew in fourteen duys uftor operiation. Ly, Iymphatie; 4., artery; V., vein, X 13.

Fig. 3 Photomicrograph of table area of a echamber in ear for fifty days, showing Iymphatic geowing close
to lirger blood vessel. This mode of lymphatic growth is charaeteristic of late invusion in chambers in which dense
connfelive fissue has formed between the blood vessels (text, p. 58). Blood vessels started to invade table from
periphery at six days and had anastomosed aeross the center at sixteen days after the operation. A single lymphatic
vessel (L1) grew onto the table at thirty-five days after the operatinn. Tt advanced in the loose space wext the
lntgest arteriole and sent out branches which grew heside two of tle larger venules. L., lymphatic next artery;
4., artery; V., veins. X 13.
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area, as an outgrowth from a preformed lymphatic, and ad-
vanced alongside the largest artery ol the chamber. All the
lymphatics present in the observation area of thig chamber
were outgrowths from this one lymphatic vessel (fig. 3, L1).

We made the obscrvation that in completely vascularized
‘round table’ chambers (a month atter operation and later),
the tissue just outside the larger of the newly developed
arteries and veins showed a tendeney to be looser than the
rest of the connective tissue. It was this loose space around
the larger vessels which apparently offered such a favorable
path for the extension of those lymphaties which invaded the
chamber at a comparatively late period.

This observation led us to study more carefully the char-
acter of the connective tissue at different stages of invasion,
and it soon became evident that the greater richness of the
Iymphatics, in the case of earlier Invasion, is associated with
the greater looseness of the councctive tissue present in the
younger chambers. In the first few weelks after the insertion
of the chambers, the interstices of the growing blood-capillary’
plexus are filled by fluid, or by a semigelatinous intercellular
substance, in which the advancing line of fibroblasts, macro-
phages, and other wandering cells are somewhat separated
from one another. On the other hand, in the older chambers,
in which the new growth has completely covered the space over
the ‘table,” the connective tissue between the blood vessels be-
comes much denser and richer in fibers which are packed
closely together, with the exception of the loose space around
the larger blood vessels. We have observed repeatedly that
the advance of lymphatics is interfered with or even blocked
completely by the presence of such dense connective-tissue
fibers across its line of growth (p. 64).

The growth of new connective tigsue and the character of
the intercellular substance are problems which are being
studied at present and which will be reported at another
time. It is of interest, however, to mention briefly that in
thirty ‘round table’ chambers inserted during the past vear,
in which a modification of the outer collars has been used, the
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wacter of the connéetive-tissue growth has heen modified,

Uthat this in 11 ' o1t
growth of lymphatic vessels. In these modified chambers,
the protective outer collars of the standard ‘round table’
chamber were left completely detached from the ehamboer
proper and bolted together through two or three extra holes
which were punched through the car a weel: before the operi-
tion and allowed to heal (fig. I). This modification was intro-
dueed in order fo serve as a splint to protect the chamber
from undue strain and to prevent the eradual migration of
the chamber toward the tip of the ear (Clark and (Clark, 32,
. 446). In these improved chambers the mgrowth of blood
vessels took place at the same time and in the same manner
\& in the ‘round table’ chambers with eollar atfached ((Mark
b al., "31), but, as a result of the added protection afforded
by the detached ‘splints,” there was much less extravasation
ot blood cells from the ends of the delicate new-forming blood
«apillaries, thus resulting in a elearer picture in the earlier
stages, and also the pattern of the blood-vessel network of
luter stages was more stable. In addifion to these hoped-for
results, we found that in these chambers, which are more
protected from strain, the ingrowth of fibroblasts and the
formation of connective-tissue fihers was conspicuously re-
tarded, so that new blood capillaries frequently grew directly
out into a space oecupied solely by serum, fibrin threads, and
extravasated blood cells.

When new Iymphatie vessels invaded sueh chambers early
—i.e., in the first week or two after the first appearance of
the blood capillaries—they formed the typical wide-meshed
plexus already deseribed (p. 38). On the other hand, in
two recent cases of chambers with detached collars, in which
the connective-tissue growth wag retarded, we observed that
Iymphatic vessels, which entered the chamber relatively late
(in one case nineteen days and in the other over a month
after the operation), advanced along the space next the la rger
blood vessels only in those parts of the table area in which
the typical densely packed intervascular comnective-tigsne

has had an

=
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v

fibers liad developed. The lymphatics which grew into a re-

gion in which the conncetive tissue was still primit

the plexus formation typleal of ‘vounger’

stages. Thus the

of table aren a2

chamber in ear fuy sicty-seven dauys,
cteristic o

late lymphatic invasion in ‘splinted?
ve-tissut differentiation was de
onto table at five days after the
tely vascularized at

U (textf, P G100
operation and the

Wl vessels firgt started
Uoarea was eof neteen days.,  The first Iymphatics
glew in s thirty-seven daas aftor e operatiom., Thiss
arteriole and twe v

follvwed  along an
tes for tho greater part of theip advanee in the periplieral
por of the tuble, where \ense eonnective tissue had alvendy formed. TIn
e veitral vegion, iy which eonnectivi-tigee differentiation o

vas delayed, thev
grew out as a plexus. Groupy of developing: fat-cells show i this chamber, x 18,

two types of growth may he present in the same chamber as
shown in figures 4 and 5. In one of these cases, a lymphatic
extended in the looser area next a large vein for two-thirds
of the distance toward the center of the table and then

ive showed
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braehed ont and grew more wildly, forming
plexns. In this case we noted that the connective-tiss
werewell Yormed inoa portion of the peripheral ve

an avastomosing

» fibers

of the

vgranli : areqn, seventy
wie plexus in a “gp
ttieularly in the contra) TRE

ar days ter operation,
A7 ehamber in whicl connective-tissne
. Tiid been greatly elnyed. Blood
1 table six days after operation and auastomosed aeross the
Aty-four days. Lymphatics fiest started to grow In uf nineteen
They grew g a larger vein in one part of the peripliery, iy wlhieh
“tive- voeells were more abundant,  Elsew ere they grew at randoem.
eogrowth was greatly delayed in central aren in thig specimen,
andd here the lymnhaties formed the richest plexus.  § 12 out of new Tym-
is eentral area continued for several montls, Develaping
Tat shows in upper part of chamber. The 'k arvea at left conter Iy a plece of
Aébris aceidentally Ineludedq at the time of operation. ¢ 18,

showing riul
develnpment,

table at the time of lymphatic ingrowth, while the primitive
connective tissue, with widely separated cells, was still pres-
ent in the central area and persisted until well after the
lymplatic had penctrated it
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These observations appear to demons!rate clearly that the
: : ; ;

Oy the newly Tormed

two o pat ELELS
that of the widesmeshed plexus and of 1he Sl
Fadjacen! to a |

with the comparative loost

I “5.: ph

voss| are associated

* blood vessel
I density of t
1 the Iymphaties grow. T

eonneetnve
v oalso show (hat
on is more easily interfered with by the
» surrounding medium than is that of
the growing blood capillaries. The experiments of Reichert
(26) are of inferest in this com etion, since he found fhat
the regeneration of lymphaties wag delayed or hindered in
the presence of a large amount of scar tissue.

In the case of most of the chambers in which a uniform
thickness of 40 fo Toyu over the table area wag retained
throughout the period of invasion, the growth of lvmphatics,
like that of the blowd vessels already described (Clark et al..
31, pp. 149-143 sentially a growth in one laver, or
what might be termed a growth in two dimensions. In cham-
bers in which the space between the mica coverslip and the
small buffers on the table was secondarily inereased, growlh
of lyvmphaties in several planes oceurred, somewhat like {liat
deseribed for the hlood vessels (Clark et al., 31, p. 143),
resulting in a richer plexus which wound in and out in the
meshes of the hlood-vessel network, somefimes crosging si-
perficial to the blood vessels and sometimes beneath them
(fig. 11).

Although the fwo sets of vessels—blood vessels and lym-
phaties—may weave in and out in this fashion or yun side
by side, they invariably remain separate. Just as was the
case in the tadpole’s tail and in the subcutaneous ti sue of
chick embryos, the growing blood vessels anastomose freely
with other blood vessels, while lymphatics form oceasional
auastomoses with neighboring lymphatics, but a blood capil-
lary has never bheen seen to connect with a lymphatic in the
region of observation.

In a number of the transparent chambers of the ‘round
table’ type inserted in rabbits’ ears, the new tissue was suffi-
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ciently thin to make it possible not only to identify and ob-
serve new Ivmplhaties as well 1 blood pillaries in the living
mammal and to wateh their extension, but to watch the finest
microscopic details of thejr growth, including the growing
ends and the endothelial walls with their nuelei Thus, in
a number of specimens it has been possible to make daily
camera-lucida records with the oil-immersion lens of the same
growing lymphatic vessels and of the neighlioring blood ves-
scls over a period of weeks. In short, we have been able to
carry out long-continued microscopic observations on mam-
malian lymphatic capillarios similar to the studies made on
the vessels of the tadpole’s tail (E. R. Clark, ’09, ’12).
Figure 6 shows a low -Power photomicrograph of the whole
table area of a chamber in which such observations were
made. Figure 7 shows g portion of the same chamber at g
higher magnifieation. This particular chamber ‘was one in
which a very thin space was retained at the left of the central
table, thereby foreing the growing vessels to invade the cham.-
ber from one gide only.  (The new growth of blood vessels in
this chamher has already Deen deseribed (Clark et al., 831,
pl. 8.)) The Iymphatics were late in invading this chamber,
a single lymphatic appearing at the edge of the table thirty
days after the operation. at a time when blood vessels had
extended well beyvond tle middle of the table. During the
sueceeding dayvs, new lymphaties invaded the table ares at
seven points and, in a manner characteristic of such cases of
late invasion with much differentiated connective tissue filling
the space between the blood vessels, they each advanced in
close proximity to one of the larger blood vessels. The in-
growth of four of these separate lymphatic vessels (L1, La,
L3, and L4) was watched intensively and daily camera-lucida
records of them were made with the oil-immersion lens.
Figure 8 was seleeted from such a series of daily records
of one of these growing lymphatic capillaries (L2). The same
region was located each day and a careful camera-lucida bil-
immersion sketeh made of the lymphatic under observation
and of several neighboring blood vessels. When several of
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Fig. 6 Photomicrograph of ¢hamber, sixty-six days after operation. In this
chamber, space at left of table wig ve Y thin and growth oecurred from right
side only.  Shows several lvmphatic vessels which have grown well aerogy table,
among them four (L@, L2, L3, L4) which wore studied intensively and whose
growth was recorded in daily observitions, Le; lymphatie from which records,
shown in figures 8 and 10, were maude. L1, Ivmphatie shown in figure 9. L3,
Iymphatic shown in figure 12, L, artery; I"., vein. x 16,

Fig. 7 Photomicrograph of part of same chamber and taken ou same day as
figure 6. Higher power. L3 and L4, same lymphatics designated in figure 6.
L3 marked at place at whick drawing for figure 12 was made. X 64.

66




Fig. 8 Saries pt camera-lueida, oil-immersion recorids, showing growth of an
individual lymphatie eapillary, Lym. This is one of the Ivmphatics (L2) shown in
the phetograph in figure 6, Correspouding parts of the lymphatie aml vein are
placed below one another in drawings of Decembiér Tth ang Sth, and in drawings
of December D1l to I13th. Iy drawings of December 0l to 1341 they have
been moved to the right, so that X represents the same spot on December Sth
amd Gl During the growth of the lymphatic there was congideryble change in
the blood vessels, conspicuously in the retraction and disappenrance of eertain

tion of a sliert Iymphatie tip 1s shown between
A1, 12, the
tatic idivist fignre 10. ¢ 177. {Mugni-
fieation of original o awing, > 7000, The drawings, figu Sotoo 12 werg male

by Miss M. B, Chambers,
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such daily records were compared and the relation of the
Iymphatic tip to the same region in the field—for example,
to the particular point of the nearest blood vessel, marked X
(December 8th and December 9th) in the series shown here—
noted on successive records, the growth of lymphatics by
endothelial sprouting showed up it a clear and striking
manner.

Throughout the course of this intensive study it was eisy
to distinguish the endothelial wall of the growing lvmphatic
from that of the neighboring blood vessels, even when the
two vessels lay side by side with practically no intervening
tissue, as in the case shown in the photomicrographs, (figures
4 and 16, and 1o be sure that there was 1o connection between
them. It was also possible in suitably thin preparations of
this kind to distinguish- the endothelial wall and t)e orowing
tip from the surronnding counective-tissne cells and fibers.

When the same growing lymphatic capillary was watched
carelully and continnonsly with the oil-immersion lens, a
short, solid protoplasmic thread was seen to extend from the
end of the lymphatic under observation, which in the course
of hours increased in length and into which a lumen, continu-
ous with that already present, gradually cxtended and
enlarged.

As the new sprout advanced in this manner, nuclear areas
eventually moved along the endothelial wall imto the newly
formed portion. Throughout these ohservations of growing
Iymplatic spronts we were able to see and to keep track of
individual endothelial n uelei, and to see tha t, as was the case
in the vessels of the tadpole’s tail, the nuelei were not fixed
in position, but changed their location in the wall from day
to day.

On several occasions during this intensive study of indi-
vidual growing lymphatic capillaries we observed the mitotie
division of a lvmphatic nnelens and were able to record the
different phases in the process, together with the times at
which they oceurred. Fiaure 10 shows such a record of
mitosis in a lymphatic endothelia] cell (4.). The two daugh-
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ter cells of the nucleus in which this particular division was
observed are 41 and 42 on the record made December 7th,
figure 8. _ .

As the figures show, the endothelial nucleus which was
aboul to wndergo division became swollen. - It remained for
a half-hour or longer in this prophase, during which it became
more granular, and the spireme and later the chromosomes
themselves bhecame visible. The separation of the chromo-
SOmMES wax seen to tuke place rapidly while the nucleus was
still swollen, Following this the catting in of the protoplasm
took place, which also oceurred quickly, consuming only two
or three minutes. A pause of several mirvutes then inter
vened, during which the two parts of the cell appeared to
flow togeiher slightly, and then oceurred the final stage In
whieh the two daughter nuclei elongated, separated, and
moved actively away from each other, After division and
separation, the daughter nuclei (41 and 42) remained at-
tached to and a part of the vessel wall.

It was interesting to compare the records of such a mitotic
division of the endothelial nueleus of a mammalian lymphatie,
as observed in the living animal, with that deseribed by one
of the anihors for similar nuelear divisions in the amphibian
(E. R. Olark, 112, fig. 7, p. 377). It was found that the
process was identical even to the relative times consumed in
the different phases of the process,

The microscopic details of outgrowth of lymphatics were
studied in this intensive fashion in the case of three other
capillaries in this same chamber and similar observations
were repeated on individual growing lymphatic vessels pres-
ent in seven other chambers.

At times a growing Iymphatic tip was observed to send
out more than one of the solid terminal processes, thus form-
ing a fork, which then proceeded to enlarge and extend as
two or more branches from the original trunk (fig. 9, 4 and
). Oon:_mwo:m:u‘w a new bhranch of this kind, after persisting
for a few davs, was even tnally seen to retract (fig. 8, Decem-
ber 11th to 13th). However, the formation of branches from
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JAN 26
Fig.9 A series of camera-lucida oil-immersion records of #notler growing

lymphatie, showing brauching of the growing tip and lnter anastomosis of the
two branches (A and B). This is the yumsel (7 L) shiowhn i the phatograph
(fig. 6). Endothelial nuclei, E.N., were byt seen in profile, but on vertain davs
several of them could be seen clearly en fijeis L eontent of the Iymphatie
lumen varied on different days—the vess coempity on some days (
2ud, January 5th) and containing a nu :
January 26th). M, macrophage in vessel Ii . Py
in vessel lumen. Most of the other cells vl
granulation and showed other evidence of degeneration. X 133.
original drawing, X 700.)
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Fig 100 Series of @aimera-lucida oil-immersion records of a mitosis in an

endothelial nucleus (4) of o growing lymphatic eapillary. The vessel shown is
a portion of L2 (figs. #, 7, and 8). The danghter eells 47 and 42 are shown in
the series of growth records (fig. 8, Duecember Tth), (Compare with record of
mitosis in lymphatic endothelial nueleus ju tadpole's tail, Clark, 12, Am. JT.
Anat, vol. 18, p. 8770 w 430, ( Maguifieation of oviginal drawing, = 700.)
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hatic trunk, which grew out laterally until they met
mosed with similar ¢éxtensions from a neighboring
Iymphatic, was ohserved repeatedly.  The process of hranch
formation and subsequent anastomosis ocenrred more fro-
quently in chambers in which ihe new Ivmpliaties had grown
m earlier or in regions of chambers in which the growth of
connective tissue was retarded. But the sending out of lat-
eral sprouts, which later forme anastomoses, was 1
abundant in the case of the lymphaties as in that of the blood
vessels.

Although the invasion of the space over the central table
by Ismphaties is alwavs se ‘ondary to that of the blood capil-
laries and the new-formed Iymphatic vessels and their
branches are much less numeroys, the actual rate of growth
‘Ina straight line’ of the individual Iymphatie vessel, whose
progress is not impeded by the density of the surronnding
connective tissue or hy other mechanieal eauses apparently
does not differ materially from that of the individual blood
capillary.  We noted that in cases in which there was no
obstacle to lymphatic extension, the vessel 8rew out by this
Process of sprout formation, accompanied by migration and
division of endothelial nuelei, at a rate of 0.22 mm, per diem,

which does not differ ma terially from the average rate in a
‘straight line' observed for the advancing network of blood
capillaries (Clark et al, 31, p. 138). In several cases in
which new lymphatic vessels imvaded the central area of the
‘table’ in advance of the neyw connective tissue as deseribed
on page 60, this daily rate of Iymphatic extension was
exceeded.

However, the lymphatic was found to be much more sus-
ceptible to mechanieul interference with its growth than was
the blood capillary. For example, the lymphatic capillary
whose growth is recorded in figure 9 grew out across the
table at a fairly steady rate from December 7th to December
13th, when it came in contaet Wwith a blood vessel across its
path of advance. This vessel then lost its pointed tip so
characteristic of a growing lymphatic, enlarged at the end

.
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and showed practically no change for several days. Finally,
on December 19th, it sent out g solid protoplasmic sprout,
which eneved around in o different divection from the original
path of advance, and, Following aloug beside the blood vessel
which blocked its erowth, it extended in the direction of a
neighboring lvmphatic. This small lateral sprouf remained
For weeks, but never formed an open connection with the
other vessel. In this instance, the space over the table area
was very thin and evidently there was not sufficient space
between the obstructing blood vessel and the mica cover to
permit the lymphatic to continue its advance. We have
already mentioned (he fact that growing lymphatic vessels
avold regions of dense comnective tissue (p. 64). We re.
peatedly observed g lymphatie whose growth at the tip was
impeded by the presence of a blood vessel across ifs path
0r by the thinness of the Space, or by an increase in the
density of {he conneetive tissue in the p gion ahead of it,
which ceased growing entirvely, lost its pointed tip, and
acquired a rounded bulbous end which persisted practically
uehanged for montls,?

On the other hand, the growth of blood capillaries was not
interfered with so readily. We frequently observed the send-
ing out of new hlood-vessel sprouty into regions of compara-
tively dense connective tissue which the growing lvmphatie
Spronis were apparently unable to penetrate. And when the
advance of new hlood capillaries was definitely hlocked by a
line of epidermis by one of the cellnloid buffers, or by the
thinness of the space (Clark et al,, *31, pp. 143-145), neigh-
boring hlood capillaries, instead of ceasing to grow and
acquiring the rounded blind ends displayed by lvmphaties in
such cases, were observed to send out lateral sprout

which

*The present observations on the Cse wit]) oy the new growth of mammatian
Iymphatics may he hindered mechanieally affor] g possible ex ation for the
failure of Meyer (70683 to fud evidence of ymphatic regeneration in the case
oOf his experiment on the veseetion of the Iymphatic vessels of dogs, referred to
M page 5. Quife possibly, a dense growtly o colmeetive-tissue fibers may
have formed in the path of growth of pew Iymphaties and prey
further extension in the n erojust deseribid,

el their
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uniled with similar outgrowths from adjacent capillaries and
formed terminal loops which later frequently enlarged into
a border vein.

That the lymphatic capillary, which ceases 1o grow and
forms the bulbous end Just described (p. 74), is still capable
of renewed growth in case the mechanical interference is
removéd, has been shown In cases in which the space over
the ‘table’ has been secondarily increased, either tentionally
by loosening the screws which hold the mica cover in contact
with the celluloid buffers or as a result of slight permanent
bulgings in the cover following intervals of rapid circulation
accompanied by increased transudation of fluids. In such
cases, as already mentioned (p. 64), a secondary growth
of new lymphatic capillaries, in a ‘three dimensjional® plane,
occurred and a new plexus of vessels spread out on the sur-
face immediately beneath the coverslip. Such an increase in
the space over the table area also results in a secondary
formation of new blood capillary sprouts, which, us was the
ase in the primary invasion of the table arca, takes place
more rapidly and is much more abundant than in the case of
the lymphatics (Clark et al,, 31, p. 147). A similar secondary
formation of new blood-vessel sprouts was observed follow-
ing prolonged periods of rapid cirenlation, such as that
caused by overheating, in which no permanent increase in the
space over the table occurred. In such cases, however, lym-
phatics failed to show a growth response.

Although the initial growth response of the lymphatic
capillaries; following the operation for the installation of the
transparent chamber, is always slower than that of the bloed
vessels, the number of new sprouts far less, and the resulting
plexus less rich, the new lymphaties once formed are appar-
ently more stable and persistent than are the new blood
capillaries.

It was observed, both in the tails of amphibian larvae and
in the chambers in the rabbit’s ear (Clark, ’18; Sandison, ™28
Clark et al., "31), that the growth of new blood vessels was
characterized by a greaf overproduction of capillary sprouts,
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the formation of numerous anastomoses, and the subscquent
remodeling of the original network in response to circulatory
factors into an adult pattern, by the transformation of certain
of the newly formed capillaries into arterioles and venules
and the retraction or disappearance of many others. Our
recent studies in two types of standard chamber—i.e., the
‘round table’ type, in which new vessels are allowed to grow
into an artificially made space, and the ‘preformed tissue’
chamber, in which a window is installed for observation of
the original vessels of the ear—have demonstrated the re-
markable lability of the mammalian vascular system—its
quickness to respond by growth or retraction to relatively
minute changes in the environment (Clark et al., ’31; Clark
and Clark, ’32). The present observations show that mam-
malian lymphatics are more sluggish in their growth reac-
tions, as compared with blood vessels. They send out fewer
new sprouts, form fewer anastomoses, and their advance is
more easily blocked, but, on the other hand, they show fewer
Instances of retraction and disappearance.

One of the authors (K. R. (Mark, *22) made a study of
living blood vessels and lymphaties in the tadpole’s tail which
were isolated experimentally by making a cut across the tail
fin. It wuas found that the severed blood vessels sent out
new sprouts and reunited across the gap within two or three
days after making the cut. In another experiment (B. R.
Clark, '18) a single blood capillary was completely isolated
by cutting through its connections. The isolated capillary
sent out a sprout to meet a new sprout from the blood-vessel
loop, from which it had been separated, and two days later
it had been completely reincorporated in the vaseular system.
In the case of the experimentally severed Iymphatic eapil-
laries, the isolated vessel, or portion of one, was eventnally
reincorporated into the lymphatic svstem, but in this instance
the process took place much more slowly, consuming twelve
days to three weeks. During this period of isolation the
cut-off lymphatic retained its vitality and was seen to send
out a new sprout toward the approaching lymphatic out-
growth with which it eventunally united.

S I, R R et
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[n the process of new growth of mammalian blood vessels,
plexns formation and remodeling into an adult pattern,
which takes place in the space oceupied by the observatio
table of this type of chamber, we have seen relatively few
instances of complete isolation of sinele blood capillaries.
The vascular plexus is so luxuriant and the conneetions S0
numerous that vessels which beeome separated at one point
are usually still joined at another. The oceurrence of retrac
tion of blood vessels following a period of absent or scanty
cirenlation, in which the capillary narrows down until ity
lumen becomes solid, and finally breaks, and the two sepa-
rated endothelial parts of the eapillary are withdrawn into
the rest of the blood-vasenlar system, takes place constantly.
Nevertheless, completely isolated blood capillaries, or por-
tions thereof, have been seen and their reincorporation, by
the sending out of new sprouts from nearby vessels, observed
to take place just as it did in the tadpole’s tail. In addition,
we have observed one instance in which a portion of a vessel
became separated from a capillary loop which was itself
undergoing retraction, following a day of diminished blood
flow through if, and, in this case, the isolated vessel dwindled
and finally disappeared.

In the case of the new lymphaties which have invaded the
table area, we have noticed several instances in which a vessel
became isolated from its connections, when the space at the
table edge beeame restricted due to warping of the kodaloid
floors of the chamber or to an increase in the connective-tissne
fibers. Then, too, in chambers of the splinted variety de-
seribed on page 61, in which ‘massage’ of the area is pre-
vented, lymphatics oceasionally became cuf off from their
connections with the vessels of the preformed tissue. Since
the new lymphatie vessels which grow into the space over the
table are always separated from each other by relatively
wide intervals, such a cut-off vessel is completely isolated.
The isolated lymphaties were observed to retain their vitality
as did those of amphibia—and to remain comparatively
unchanged for weeks and even months. In one such instanee,
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a vessel which had grown onto the table seven days previously
was ohserved to hecome cut off at the table edwe. Tt er-
sisted as a completely isolated vessel, ending blindly at hoth
ends, and with a fnid-containing lumen, for seventy days.
During this period of isolation It was seen to extend in a
peripheral direction, toward the center of the table, and, by
the end of this time, it had formed a new connection with
another lymphatic, which had grown out into the central
area ot the chamber and had eventually sent out a new
sprout toward the isolated vessel. I the same chamber, we
observed two other lymphatic vessels which had become cut
off at the table cdge, remained isolated for a period of two
months and were then reincorporated in the lymphatic sys-
tem, by the same method of forming connections peripherally
with new lymphaties which bad grown into the central area
of the table.

Regarding the ‘eut-oft’ lymphaties, it should be emphasized
that all the evidence Indicates that they are parts of pre-
existing lymphaties which have grown into the new area by
sprouting, and that there is not even a suspicion that they
have differentiated in situ, or that they form from ‘cut-off’
blood-vessel endothelinm. In the majority of cases where
isolated lymphatics were seen, either the actual blocking and
elimination of the lost portion was observed directly, or the
continuous lymphatic was first seen, and later a part of it
Was seen to be disconnected. Tsolated portions invariably
occurred in parts of the new growth in which there were
other lymphatics, while {here Wwere many regions which for
weeks had no lymphatics wha tsoever, and where, in spite of
the presence of new-forming, retracting, or refrogressing
blood vessels, there was no trace of lymphatic capillary.

We have already mentioned that in these careful high-
power studies of uniformly thin ang transparent tissue we
were able to see the endothelial wall of the growing lymphatic
clearly and to distinguish it with certainty from the blood.
vessel endothelium and from the surrounding connective cells
and fibers. Hence, it has been possible to watch the process
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of growth iy individual living mammalian Iymphatic eapil-
laried and to he positive that the lvmphatic endothelium re-
mains specific and does not Join with nor add fo itself any
other kind of ceil, In many cases the lvmphatic is in very
close proximity to blood vessels. Tor example, as was the
ase in the vessels photog raphed in figure 14, the twao vessels,
a lymphatic and a venule, ‘lay so close together that there
was no intervening tissue between the two walls, and vet the
two endothelial membranes remained absolutely distinet.

Similarly, the lymphatic in its growth usually makes its
way through the midst of innumerable connective-tissie cells
and fibers, often coming in such intimate contact with them
that only by long-continued high-power studies was it possible
to be sure that they remained distinet. However, in the case
of chambers vecently inserted with the detached splint col-
lars, in which the development of connective tissue was re-
tarded (p. 61), we have observed  lymphatic ey pillaries
which have extended beyond the region of connective-tissue
fihers into a more primitive area occupied by blood cells, fibrin,
and occasional macrophages and fibroblasts, in which the
complete‘independence of the growing lymphatic endothelinm
from surrounding tissme cells was relatively easy to
distinguish.

Figure 12 shows ¢ Iymphatic vessel whose growth had been
watehed for fifteen days in which connective-tissue bands
and reticular tissue appear to run directly across its lumen.
One method of formation of such strands was observed and
found to occur as follows. The growing lymphatic, instead of
advancing as a single vessel, may form a fork. The two
branches thus formed may anastomose, enclosing a small
island or bar in which there may be one or more fihroblasts
or connective-tissue fibers. As the lymphatic continues to
grow beyond this island, the size of the lymphatic may in-
crease greatly as a result both of the increased transudation
of fluid into it, and of the damming back of fluid from outside
pressures. The increase in the size of the lymphatic occurs
1n all dimensions and may encroach on the island until it is
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Fig. 12 Camera-lucida drawing, from a geries of oil-immersion receords of 2

lymphatie vessel whose growth into this region had been observed fiftecn days
previously, showing rclation Dbetween Iymphatic and connective tissue. Endo-
thelium-covered reticulum-like fibers (R) form strands across the lumien of the
lymphatie, and extend out among the fine connective-tissue fibers outside (C.7.).

4., artery; V., vein. X 280. (Magnifieation of original drawing, X 700.)

Figs.13t016 Oil-immersion photomicrographs of individual living Iymphatie
capillaries and blood vessels, which have grown into the table area.

Fig.13 Oil-immersion snapshot of Iymphatic capillary crossing blood vessel
(Vein). This chamber had been in car for two months—new lymphaties grew
onto table one month before photograph was taken, Slow ecirculation in vein
and capillary—individual crythrocytes show, Lym., lymphatie. X 330.

Fig.14  Oil-immersion snapshot, taken with Leitz Mifilmea camera (1/10
second exposure), showing lymphatic capillary beside a venule. Chamber in
ear two months. Lymphatic grew into thiy region three wecks previously. Lym.,
Iymphatic; L.End. N, lymphatic eundotheliy] nuclei; V.End.N., venous endothelial
nucleus.  Arrow shows direction of flow in vein, X 530,

Fig.15 Oil-immersion snapshot, Leitz Mifilmea (1/10 second exposure), show-
ing branch of lymphatic running beside venuyle (Vein). This chamber in ear
for three months, lymphatic present on ‘tuble’ for over two months at time of
photograph. Lym., lvmphatic. X 530.

Pig. 16 Qil-immersion snapshot, Leitz Mifilmea (1/25 second exposure), show-
ing lymphatic beside small vdin, Three I ocytes sticking to wall of the venule.
Chamber inserted tlires mouths and Iymphatiesy grew onto table two and onc-half
mouths before this photograph was taken. Jug. N., endothelial vucleus in wall
of Iymphatic capilary. X 530.
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i to a retienlum-Tike strand. el gtrands then remain

g, covered by endothelivm as indi L by the bulging
endothelial nuelei, it giving the appearance of Ppiereing and
running fhrough the lumen, while actually being outside the
endothelium. Often the continuation of the fine fibers of the
strands can be seen mingling with other connective-tissue
fibers from which they are -indistinguishable. The appear-
ance of such retieulum-like strands reminds one of the reticu-
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lar arrangement in the medullary portion of a lymph gland.
That the endothclial covering comes from endothelium and
the reticulum-like part from fibroblasts we have been able
to establish definitely. Again, after a lymphatic has grown
out into the space over the table, it frequently increases in
diameter, evidently in response to inside pressure, and, as it
expands, its wall comes in contact at various points with
unyielding strands of surrounding connective-tissue fibers.
The lymphatic vessel then bulges on either side of such bands,
which consequently take the form of constrictions around
the lymphatic.

Throughout these studies—many of them involving con-
tinuous intensive observations with the oil-immersion lens of
the-same growing vessels for many hours daily over a period
of months—we saw no instance of an endothelial nucleus
becoming detached from the wall of a lymphatic, nor any
suggestion of the formation of any form of wandering cell
from lymphatic endothelium. Throughout this time the lym-
phatic endothelinm remained completely specific.

Thus, it has been possible by such long-continued observa-
tions in the living animal to establish the facts that, in such
a region, the mammalian lymphatics possess the capacity for
new growth and regeneration, that they grow by the same
method of endothelial sprouting accompanied by migration
and division of endothelial nuclei, observed for the growing
lymphatic vessels of the tadpole’s tail, and that throughout
their growth they remain specific and independent of sur-
rounding blood vessels and connective-tissue cells. The lym-
phatics were seen to form as definite a set of vessels as the
blood capillaries, with a distinct endothelial membrane which
everywhere separated their lumen from the surrounding
tissue.3

*An interesting exception to the well-nigh universal rule of closed Iymphaties
was encountered on a few occasions—one of them in an actively growing lym-
phatic—in which artificial openings occurred into lymphatic vessels, under the
comparatively rare circumstances in which fluid was present in the outside tissue.
Our observations on such accidental tears in the lymphatic endothelium will be
reported in detail in a later article in conneection with observations which have
been made on the relation of living mammalian lymphaties to the outside tissue.
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CONCLUSION

i~

Ly the method of inserting transpusen inio the
cars of, rabbits it has been Possi
observations on living mammalian vessels and other cells and
lissues, with highest microscopic magnifications, similar to
the studies which have been carried out in natural trans.
parent regions of lower forms, such as the tail fing of am-
phibian larvae. Using standard chambers of the ‘round
table’ variety, designed for the study of new growth of blood
vessels and other tissues, it has been possible to see the
finest details of structure of living lymphatie capillavies and
to observe the growth of individual lymphatie vessels, by
long-continued daily observations for periods of several
weeks to several months. Camera-lucida sketches, photo-
micrographs, and cinematograpl records of the living
growing mammalian lymphatics—many of them with the oil-
immersion lens—have beey obtained. This 18, to our knowl-
edge, the first time that it has been possible to make studies
of this kind upon lymphatic capillaries in the living mammal.

A description of the ¢ytological characteristies of living
lymphaties as seen in these transparent chambers in the rab-
bit’s ear is given. L

The growth of new lymphaties across the thin observation
space was followed repeatedly by direct observations of the
same living vessels over a period of several weeks, and it
was possible to establish the following faects:

Lymphatic vessels of the adult mammal undoubtedly pos-
sess the capacity for regeneration or new growth, since all
of the lymphatic vessels, as well as the blood vessels and
other tissues present in the observation avea, are newly
formed structures which have heen seen to invade a hole
which was cut clear through the car tissue at the time of
installation of the chambers.

Lymphatic vessels in the rabbit’s ear grow by sprouting.
The pushing out of solid protoplasmic tips, from preexisting
lymphatic endothelium, into which a lumen gradually extends,
has been observed repeatedly with the oil-immersion lens.

¢ to make loug-conlinued
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Mitotie division ol endothelial nuelel of growing lymphatic

¢ ditferent

pliases recorded. Following a division, the danghter nuelei
always remained attached to and a part of the vessel wall

Ingrowth of new lymphatic vessels in the observation
fpace Is always subscquent to that of the blood wvessels by
days, weeks, or occasionally even months. The number of
new Jymphatie sprouts formed is always less than that of
the blood vessels and the resulting network less dense.

The growth pattern of the new-forming lvmphatics varies
with differences in the consistency of the connective tissue
present in the regions of invasion. In Young chambers, or in
those in which the comective-tissue growth and differentia-
tion have been retarded—in which the cells are widely sepa-
rated and the intervening spaces filled witl fluid or a soft
wel—the lymphaties tend to grow at random in the interstices
ol the blood-vessel network, and to form a loose-meshed
plexus.  In eases where the lymphaties invade an area after
the formation of a denser connective lissue, in which cells
and fibers are packed closely together, they advance as single
vessels in a loose space present along the oxterior wall of the
arterioles or venules,

The rate of growth of lymphatie endothelinm, -in a linear
direction, may equal that of the growing blood vessel. How-
ever, mechanieal interference with growth is far morve com-
mon in the case of lymphaties than of blood vessels,

Mammalian lymphatic capillaries are less labile than hilood
capillaries. They send out fewer sprouts, anastomose less
frequently, and their growth is more easily interfered with
than is the case with blood capillaries. On the other hand,
once formed, they show much less tendeney toward retraction
or toward changes in size and form than do the blood capil-
laries. Isolated lvmphaties retain their vitality and power
of growth for weeks.

Throughout their growth period and later life in the trans-
parent chambers, the lymphatics were found to form a definite
specific system independent of the blood-vascular system and

viessels has been observed and the fimes of ]

=
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Connec-

form of connective-tissue or wanderi

aml e

f sue Dbers may be
the lymphatic until they form refieulum-like strands which
appear to pleree the lymphatic.  They remai, however, cov-
ered by endothelium and lence outside the lumen of the
Iymphatic.  The differentiation of such strands from fibrao-
blasts was observed. They play no part in the formation of
cndothelinm,

The mode of growth of mammalian lymphatic capillaries,
by a process of sprouting from preexisting endothelium, as
observed in the living animal in these transparent chambers
i the rabbit’s ear, was found to be the samie as that observed
for similar vessels in the transparent tails of living am-
phibian larvae.

L our recent observations on the new growth ol blood ves-
selg, in sixty standard chambers of the ‘round table’ type,
we found that the whole process of ingrowth of new blood
capillaries, formation of anastomoses, and {he subsequent
remodeling of the indifferent plexus into an adnlt pattern,
the retraction of many vessels and the enlargement of others
to form arterial and venous channels in response to cireula-
tory conditions, is a replica of the original growth process,
as observed in the transparent tail fins of amphibian larvae
and in the area vasculosa of chick embryos. In the present
study, we have found that the same thing is true in the case
of lymphatic vessels. The adunlt mammalian lymphatie sys-
tem, like the blood-vaseular system, evidently retains the
same growth properties present in its embryonic development,
after the stage of primary differentiation. However, in the
course of these studies on living mammalian lymphatie ves-
sels we have observed many interesting differences in their
physiological properties as compared with those of Amphibia,
which will be deseribed in a subsequent paper.

Oy
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