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FOUR FIGURES

Studies made in this laboratory on lymphatic vessels, as
seen in transparent chambers introduced into the rabbit’s
ear (Clark and Clark, ’307'31, ’31, '32a, b, ¢) have brought
out a number of new facts regarding the mode of growth of
lymphaties, and the activity of the newly formed lymphaties.
Since in all of these studics only the lymphatics seen in the
chambers were involved, it seemed desirable to investigate |
the lymphatics of the normal ear—their distribution, rela-
tions, and activity, and to attempt to find out the extent to _
which they are modified by the introduction of the artificial |3
chambers. This paper presents the results, some of which
are given as preliminary reports. 7

It became apparent, soon after the work was started, that .
the normal ear of the rabbit offers a very favorable field in
C which to extend our knowledge of the behavior of lymphaties.

METHODS

The methods used included single and double injections of
the lymphatics and blood vessels, injections of lymphatics, ()
and observations of the movement of the injected granules
in the living animal, the collection of lymph from the larger i
vessels of the intact ear, and the introduction of transparent il

chambers into the ear.
*The work in this laboratory on the study of living cells and tissues in the

transparent chamber inserted in the rabbit’s ear is being aided by a 3-year
grant from the Rockefeller Foundation. “
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Injections of {Jye Iymphatios were made beneath the epi-
dermis with ap ordinary hypodermic syringe and a 30 giuge
steel needle. In the intaet ear, substanees injected were
50 per cent Indja iuk in 4 saturated solution of
Berlin blue in distillod w v Anda saturated solution of
.,,:_:E:__“Eoi%mogﬁob. 55

methylenc blue iy 0.0 per cent

specimens injected with Tndiy ink and Berlin blue were fixed
in 10 per cent formalin, dehydrated in aleohol, and cleared
in otl gf winterereen.

The methvlene blue mjections were made by the
vital technigue s doseribed by R. &. Williams (Buzn

12) and as applied by him t, the rabbit’s ear (R. G.
Williams, *31). They were carried out at Doector Williams’
suggestion, and their Success was dependent upon his as-
sistance and advice.

Blood vessels were injeetad with

vanvier’s carmine-gelatin
mass (Lee) immediately after killing the animal with chloro-

form and Washing the vessels with Ringer’s solution. TIn
donhle m:._:.ﬁ_mosm\ the lymphatic vessels were injected while

the animal wag alive. Then the bloog vessels were injected
as described.

In collecting Iymph, the anima] wasg placed on its back or
side, the ear extended roiwoﬁmzu'_ or with its tip slightly
dependent. The anaesthetic useqd was-. 1) nerve block with
1 per cent cocaine solution; or, 2) nerve block with 2 per cent
brocaine solution; or 3) sodinm amyta] intraperitoneally or
::_ﬂ.zdmhozmqv 200 to 500 mg., Qmﬁﬂ.::.bm. upon the size of the
rabbit and the duration of the experiment.

The cannulae used for collectine Iymph were drawn out
from ordinary glass tubing. Theyv wope calibrated in milli-
meters to facilitate observations. Their inside diameters
(average, 1 mm.) were defermingd by an ocular micrometer in
order to caleulate the volume of Tvmph. Working under a
binoeular microscope, 4 transverse incision was made near
the junetion of the proximal and middle thirds of the ear,
over a large blood vessel, preferably the median (main)
artery. An accompanying lymphatic wag isolated, distended
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THT DISTRIBUTION OF LYMPHATICS

Specimens of the intact ear, injee fith Tndia ink, show
two rich lymphatie plexuses, deep and superficial, on each
surface (fig. 2). Around the peripliery, these are composed
largely of numerous small capillaries with blunt ends. Nearver
the center, the superficial layer contains many capillaries
similar to those of the periphery. The deep laver, sitnated

containing numerous anastomoses. These Iymphaties empty
into slightly larger collecting vessels, which for the most
part follow the distribution of the larger blood vessels, form-

near the cartilage is composed of relatively large vessels,
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ing networks around them (fig. 1). Like the blood vessels
(Hoyer, 1877), the Iymphatics of the ventral surface pene-
trate the cartilage in manyv places, and empty into the collect-

Ing vessels on the dorsal surface (fig. 2).

In the general convergence of vessels at the I

the large arteries and veins. Usually several lymphatics ac-
company each of these blood vessels.  The tota] number of
collecting lymphaticse at the level at which the cannulae were

solid black) of the rabbit’s ear comparca with that of the larger blood vessels
(represented by dots). This illustration ig A composite drawing made from a
number of cleared specimens in which the lymphatics had been injected with

India ink, and the blood vessels with carmine-gelatin masgs, Natural size.

inserted varies from 10 to 14. In their further course, there
1s very little reduction in number, 8§ to 192 running separately
into the auricular nodes,

The lymphatic vessels of the rabbit’s ear are endothelial
tubes around the larger of which are small and varying
amounts of connective tissue. In the specimens injected with
methylene blue, occasional Smooth muscle cells were seen
on some of the larger lymphatics, but they were very few
and irregularly spaced (fig. 3). The paucity of extra endo-
thelial tissue is such as to indicate the likelihood that sub-
stances might diffuse readily into practically all of the

ase of the ear,
the number of larger collecting lymphatics excecds that of
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lympbatics of the ear, including even the larger vessels.
Whether this does occur normally, however, has not been
tested.
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Fig.2 Lymphatic capillaries at the periphery of the rabbit’s ear. A number
of lymphaties may be seen going through the cartilage (represented by circles).
The blood vessels are shown in outline. Magnification, X 10. Lymphatics of

dorsal side dotted; lymphaties of ventral side solid black.

Fig.3 The appearance of a large lymphatic collecting vessel in a rabbit’s
ear injected supravitally with methylene blue, showing endothelial nuclei (E.N.)
and smooth musele cells (M.). Magnifieation, X 130.
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THE AREA OF LYMPHATICS
The relative surface area of Iymphatics and blood vessels

was defermined upon

j )

i specimens.  he inaccuracies
of this methed are appreciable and the results are presented
for their comparative rather than actual values.

The blood vessels in six fields and the Ivmphatics in another
six fields were studied. Bach field was selected for the com-
pleteness of the injection and was 0.75 mm. square., Draw-
ings were made with a camera Iucida at a macnification of
160. The areas (projections of the greatest dimensions of the
vessels as seen from the surface) were computed with a plani-
meter. The average of these was taken, and reduced to aetnal
size. From these results, determinations were made for 1
sq.mm. of surface area of ear. Assuming the vessels to be
cylindrieal, these figures multiplied by n give tiieir surface
areas. The results are:

Surface arca of Iymphatie vessels, 1.43 sq.mm. Per sq.mm. surface of car

Surtuce area of bload vessels, 1.63 sq.mm. per sq.mm. surface of ear

Calenlations on living vessels were made i a similar
Manner in a ‘preformed tissue’ chamber. In this case only
the vessels of the dorsal surface were measured, and only
two ficlds of each were taken. The lymphatics were injected
with India ink. The blood vessels confained an average
amount of blood. The results are:

Surface nrea of lymphatic vessels, 1.36 S¢-mm. per sq.mm. dorsal surface of ear
Surface area of blood vessels, 1.18 sq.mm. per sqmm. dorsal surfice of ear

From the results obtained from measuring several ears,
9000 sq.mm. (nearly 8 sq.in.) may be taken as the average
area for one surface. For such an ear, the total surface
area of lymphatics would be 5000 X 1.43 or 7150 sq.mm.

THE MOVEMENT OF LYMPH

The movement of injected particles (India ink, carmine,
Berlin blue) in the smaller Iymphaties of the intaet ear oe-
énrs in both directions. In the larger vessels it is limited to
proximal flow by numerous competent valves. Retrograde
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Injection, after the insertion of cannulie was found impos-
sible. Similarly, once injected materinl enters the larger
vessels, therc is little or 1o vebwrn to the smaver,

With little force from behind, injected particles dart
rapidly along. The many anastomoses permit particles in-
jected at one site to follow a number of routes. Material
injected on the ventral side of the cartilage readily runs
through to the other. This is particularly noticeable after
the injection of India ink on one side and Berlin blue on the
other. Although the black ink is dominant, the appearance
of contrasting colors in confluent vessels is sometimes quite
striking.

Even when the larger vessels are ligated proximally, only
slight pressure is necessary to carry particles injected in the
smaller vessels into them. They hecome irregularly distended
due to fusiform supravalvular dilatations. These oteagion-
ally rupture, even after injection has been completed. Very
soon after the injection is stopped, rapid movement of the
particles ceases. They are then seen to move along when'
helped by massage or by active movement of the ear. There
is seen also an intermittent movement, apparently spontane-
ous.

In the ‘preformed tissue’ chamber, the following factors
have been observed to produce flow of lymph, as indicated by
the movement of particles in it:

1. Changes secondary to blood vascular phenomena; a) A
slight back and forth movement, synchronous with arterial
pulsation, and apparently caused by its transmitted force
(compare Clark and Clark, ’32 b). b) A longer excursion
due to changes in caliber of the blood vessels. Thus, when
the median artery contracts, particles in lymphatics in the
‘platform’ region of the chamber move toward it, and when
it dilates, they move away from it (compare Clark and Clark,
32 b).

2. Active movements of the ear by the animal.

3. Massage. This produces rapid movement toward col-
lecting vessels and along them centripetally.
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4. Force from behind, as iy injeetions.

9. The position of the ear. Movement ig sometimes caused
when the enr ig Jol( vertically, hut tha effect produnced in this
way hag always appeared smiall.

b__.:wmﬂ.:m_r.__._..ﬁ.. after the insertion of a ‘preformed tisspe’

chamber, sope lymphatics aye seen filled with magses of blood.
Severa] days later these masses hogin to move back and forth
through short exenrsions, APparently eaused by the trans-
mitted foree of arterial pulsaijon, Thew begon to hreak up,
and after g number of days, the blood moves on. Then the
Iymphatic vessels appear as OnLL narrow, clear spaces, due
to the colorloss Ivmph contained, They Vary in width from
day to day. A Iymphatie Wwhich Yesterday wysg prominent
may be invisihle today, and one whoge existence was unknown
May appear. Injections show that relatively foyw of the total
number are visihlo a1 imy one time, Tt should be emphasized
that thig applies only to the ‘Preformed tissye chamber, unqd
not to the mueh thinner ‘round-tahle’ nw_mﬂgﬁ where 1]
Iymphatics are visible at a] times (Clark and Clark, 32y,
'33).

Ten to fourteen days after the insertion of g chamber when
recovery seems complete, Particles of debrig are occasionally
observed ip the small lymphatics of the “platform: region.
They may remain there for Varying lengths of time

—a fow
seconds to sevepy] days. That they are free is shown by

the mica cover of the chamber i depressed, or when massage
of the tip of thea ear produces g rapid eurrent of Iymph.
While injecteq particles, onee having reacheq the larger
vesselg accompanying the median artery, tend to move proxi-
mally, not infrequently some Move peripherally into the ves-
sels in the ‘platform’ region of the ehamber, Thus, material
inserted at the tip of the ear hag been seen to appear in the
chamber, 5 om. away. Under ordinary conditions, following
the injection of as much as 0.1 ee. this appearance is almost
Instantaneoys. In small injections and in inflameq conditions
the appearance is delayed.
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Little or no obsiruction is offered to the flow of blood by
the ‘preformed (issue’ char ber. Tul there seems to be in the
‘platform® area pressure sufficient to cul off lymphatie com-
munication peripherallv. With one exception, all material, no
matter how close to the chamber it was injected, flowed around
and entered the chamber via the colleeting vessels in the
‘groove,’ accompanying the median artery.

OPENINGS IN LYMPHATICS

In the first few days affer the insertion of a ‘preformed
tissue’ chamber, places have been observed where fluid and
erythroeytes seemed to come out from the lymphatic vessels
to the finid layer present between the surface of the tissue
and the mica cover. In the same places, flow in the reverse
direction, also, was observed. At times distinet openings
were discerned (compare (lark and Clark, '33).

In order to make certain that these were actual openings
between the lymphatics and the extravaseular space, India
ink, carmine, or Berlin blue was injected into the lymphatics
distal to the chamber. The granules so injected passed along
Iymphaties to the chamber area, and in a number of cases
streamed out into the layer of fiuid over the top of the tissue
through small but definite openings. The number of such
was always small, varying from two to four per specimen.

A typical study of such openings, with the aid of injected

granules in one specimen is as follows:

Three days after the insertion of the chamber, erythrocytes
were seen emerging from and re-entering a lymphatic through
an opening at the base of the ‘platform’ area, near the
‘groove’ (designated opening 1; see fig. 4). The next day
this opening was obscured by extravasated erythrocytes be-
tween the tissue and miea cover. _

Hight days after the insertion of the chamber, these
erythrocytes had largely disappeared. India ink was then in-
jected near the tip of the ear. The ink granules were at once
seen passing through collecting lymphatics in the ‘groove.’
Some entered lymphatics on the ‘platform’ of the chamber,
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and from one of these vessels, particles could he seen emerg-
ing and becoming free in the fluid space between the fissue

STal

and the mica cover. With the compound microscope (magnifi-
eation of 100) the course of the Iymphatio and the opening
itself could be distinetly seen (desienatad opening 2). On
this day, no particles were seen re-entering. The movements
of the partieles within the lymphatic vessels were of the

s S~ —> T.p oF
s IR T EAR

63!

Tig. 4 Sketch of 3 part of ‘preformed tisgue’ chamber (8-9-32L) illustrating
the location and appearance of the four collections of India ink granules outside
of the lymphatic vessels. Made on the ninth day after the installation of chamber,
and 24 hours after the injection of India ink inte the tip of the ear, distal to
the chamber. The numbers in the figure corresponded to tle designations given

kinds already mentioned as due to forees produced by changes
in the blood vessels (v. 8.), but movement forward exceeded
that backward, Very gentle massage produced a rapid move-
ment forward, and an outburst of particles from the opening.

On the ninth day, four collections of carbon granules were
seen. Two were around openings 1 and 2. At the other two,
N0 openings were seen. An occasional erythrocyte or ink
granule came from opening 2.
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On the following day, the collections of granules were un-
changed. Erythrocytes were emerging and a few were re-
eniering at opering 2. While watching one of the collections
of granules at which no opening had been seen, erythrocytes
appeared and a small opening was identified ( opening 3). At
the fourth site, erythrocytes appeared at a definite location,
but no distinet opening was identified. _ ,

On the eleventh day, an oceasional ervthrocyie eame out
or went in through opening 2. None appeared at the other
sifes. Massage of the tip of the ear inereased the tlow from
opening 2, bui produced 1o perceptible effect at the other
sites. During the next 2 days, the condition remained
unchanged.

On the thirteenth day, an injection of carmine was made
beside the previous injection of ink. Carmine granules ap-
peared at and emerged from opening 2-in about 30 seconds.
Other granules were seen traversing uneventfully the vessels
formerly containing openings 3 and 4, passing the sites as
through normal vessels, and none emerging.

The following morning, many more granules were around
opening 2, concealing it. A few were around opening 1. None
_ were at or near sites 3 or 4. On the 5 following davs, no
( change was noted, and nothing was seen emerging or enter-
: ing at 1 or 2. India ink was injected again. Particles passed
uneventfully through all the lymphatics formerly containing
openings, none emerging.

Thus, three distinct openings, whose existence was con-
firmed or discovered by the injection of granules into the
lymphatics, were watched from day to day. One persisted for
10 days, and two for 13 days after the insertion of the
chamber, -

In a later chamber, two similar openings were observed
from the second through the eighth day.

THE AMOUNT OF LYMPH

The results of the collection of lymph by the introduction
of cannulae into the larger vessels are given in table 1.
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When 1he collection was begnu, {he lemperature of the ear
was usually just a Iijlle above room femperature, and varied
upon different occasions from 25°(; ¢4 29°C.  Afteran hour
Or s0. the ear wus heuted by elecirie lights to 38°C.. and Lhe
lemperatyre taintained at that point for as long as an honr.
This inerease in tempoeratare was followed by dilatation of
the hlood vessels, and a speeding up ot the flow of blood. But
no inerease in the rale or amount of fow of Iymph was noted,
Sinece the Ivmph collected wag in cach case from only one
of the eight to {welvo parallel vesgsels draining the ey , it
was hut a fraetion of (he tota] lympl flowing from the ear.

TABLE 1
The collection or lymph by cannulae Niroduced into lymphatic yessels of the
rabbit’s eqr
: A _ . || roras
ST — Bieviow | o | asmaon [ ow |l
e | N
, Cuimm. Ou.mm. _. Cu.mm,
| - - - | ,
1 iCocaine 0.75 +°15 6981 | o5 79.56 4° 40
2 ICocaine 1507 2° 157 194 b 17.01 | 2° 16’
3 1Sodium amytal @200 1° 0.50 | 107 | ¢.2.50 | 1°10”
4 'Sodium amytal 0 2° | 9557 3° 2557 | 5°
> iSodiwmamytal | 40 o5y | 1950 | 9o 63.50 | 5° 13
I AL N —_— ¥ — ~

This fraction is ariable, and its vylye can be only roughly
estimated. From the effeet of massage in various parts of
the ear while the lvmph was being colleeted, and from injee-
tions made at {}e completion into different parts of the ear
to determine the area drained hy the vessel in which the
cannula was inserted, it is estimatod that the eollected finid
represents about 10 to 20 Per cent of the total.

There are other sources of error sych ag possible obstrue-
tion caused by the cannula, Imjury at operation, the effect
of capillarity, efo, The results given in the table were ob-
tained with the cannulae woj.moﬁmr and no allowance was
made for capillarity. Cannulae were usnally left in ynti]
dislodged by movement of the animg]s,

*
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Taking the total amount of lymph collected (189 cu.mm.)
whether obtained by spontaneous flow or massage, and divid-
ing by the total time (15.18 honrs), a mean flow of approvi-
nately 10 ewmm. per hour ig obtained. Assmuming that this
is but 10 per cent of {he whole, there would be 100 cu.mm. per
hour from all the vessels of g whole ear. o

These fieures may be correlated with those for the area
of lvmphaties (v, 5.), remembering that the possible errors
of both still remain. The total mean flow (100 ew.nm. per
hour) divided by the total surface area of lymphaties of our
assumed average ear (7150 sqmm.) gives 0.014 cumm. of
Iymph per square millimeter of Iymphatic surface per hour.

By similar calculations, the spontaneous flow in the separate
experiments varied from 0 tq 0.0125 cumm. of Iymph per
square millimeter of Jy, phatic surface per hour. The great-
est continuous massage flow was 0.084 cu.mm. of lymph per
square millimeter of lymphatic surface per hour.

DISCUSSION

It is quite likely that fhe caleulations of surface areas pre-
sented are understatements of the actual areas. Especially
is this probable in computations made on the fived Specimens.
In them the values for both surfaces of the ear are but a
little higher than for the one surface studied in the living. In
the numerical expression of the surface ares of the lym-
phaties, the smaller figure was used, so that the given ratios
of rate of flow per unit area are probably high.

For such an extensive endothelial surface, the amount of
lymph flow in the lymphatics seems exceedingly small, es-
pecially when the size of the blood vessels and the amount of
blood vessels and the amount of blood flowing through them
are compared. Tt ig, however, in general agreement with
studies of lymph flow in peripheral parts of the body, such as
the extremities, where investigators have found little or no
movement of lymph in the resting animal (compare Starling,
'09; White, Field and Drinker, ’33; Drinker and Field, ’33).
Attention is again called to the possibilities of error in the
quantitative expression of the lymph flow.
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It is interesting that my finding regarding the relative sizes
of blood vessels and lymphaties in a given area of the ear
agrees closely with somewhat similar measurements made
by Drinker and Field (’32) in the web of the frog’s foot.
They also found the lymphatics and blood vessels approxi-
mately equal in area.

The factors which have been observed to cause movement
of lymph are listed. It will be noted that all of them are
passive, in so far as the Iymph vascular system itself is
concerned. However, movement of particles was frequently
observed which could not be assigned definitely to any of
the accessory factors mentioned. The musecular faetor in the
propulsion of Iymph must be negligible in peripheral vessels,
becawuse of the extreme scantiness of smooth muscle cells on
such vessels. The questions of filtration, osmosis, diffusion,
and seeretion, and the elasticity of the endothelium ag factors
concerned with the movement of lymph in lymphatic vessels,
have not been directly studied in this investigafion.

Since these studies were carried out, the ‘preformed tissue’
chamber as used in them has been modified by the addition of
& splint and shield which greatly reduces trauma to the tissue
in the chamber. Tt seems that, unlike the old, the improved
chamber offers little or no obsiruction to the Iymphaties at
the periphery of the ‘platform.’ Ty & personal communiea-
tion, Dr. B. R. Clark informs me that in the improved chamber
he has observed erythrocytes within the Iymphatics move
onto the ‘platform’ from the Periphery and in the reverse
direction with no apparent impediment. Sinee the chief dif-
ference in the two consists of the greater amount of new
tissue formed in the older type of chamber in reaction to
minnte injuries, it is suggested that this factor alone may
be sufficient, in a confined space, to inferfere with the move-
ment of lymph in the lymphatie.

With regard to the openings in lymphatics, the injection
experiments reported have proven that, following the inser-
tion of a chamber, which involves injury to lymphatics, defi-
nite openings may be present which connect their flnid content

= ':-f--:-?" o
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with the fluid outside. These may persist for as long as 13
days. This time may have been prolonged somewhat by the
force of the injection or by the presence of the foreign
material. A

It should be emphasized that all of the openings seen were
between the Iymphatics and the layer of fluid over the top
of the tissue, between the tissue and the mica cover, The
significance of these openings has already been' discussed in
detail (Clark and Clark, ’33).

SUMMARY

1. The rabbit’s ear possesses a rich lymphatic supply of
both superficial and deep vessels, with eight to twelve collect-
ing vessels, which follow the course of the main blood vessels.

2. The vessels of the inner side of the ear pass through
the cartilage to join those of the outer side.

3. The total area of the Iymphatics of the ear as shown by
surface projection is approximately equal to that of the blood
vessels.

4. By the introduction of cannulae into lymphatic vessels
draining the ear, it was possible to secure data regarding
the amount of lymph flow. This was found to be variable, but
always extremely small, even when massage was freely used.

Caleulations indicated figures' ranging from.0 to 0.0125
cumm. per square millimeter of lymphatic surface per hour,
spontaneous flow, and to a maximum of 0.084 cwumm. per
square millimeter of lymphatic surface per hour after mas-
sage.

5. Studies of injected granules indicate that there was some
obstruction of lymph flow in the thinner but nomne in the
thicker parts of the older type of ‘preformed tissue’ chamber.

6. By injected granules it was possible to prove definitely
that the suspected openings between lymphatics and the
supernatant fluid, seen following the installation of the ‘pre-
formed tissue’ chambers, are real openings into Iymphatics,
and that they may persist for as long as 13 days.
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These studies were made at the suggestion and under the
direction of Dr. Kliot R. Clark, whom I wish to thank for
his interest and assistance. I wish to thank Dr. R. G. Williams
also, for his many helpful suggestions, especially in matters
of technique.
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