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ON THE FATE OF THE JUGULAR LYMPH SACS AND
THE DIVELOPMENT OF THE LYMPH CHAN-
NELS IN THE NECK OF THE PIG

ADMONT H. CLARK

From the Anatomical Laboratory, Johns Hopkins Untversity

FOUR FIGURES

In a study of the morphological chunges which the Jugular
lj.'ll'l]l}l saes and the lymph channels in the neck of the embryo
pig undergo during developmient, & number of (questions musi iu:
considered.  What are tlhe primary lymph channels? Are they
charscteristic and constant in form? How are they modified
during development? What is the correlation between {he
earliest lines of drainage and the drainage found in the adult?
What are some of the factors controlling these transformations?
These and other questions nrise, The purpose of the following
paper is to make an analysis, and to offer o few suggestions on the
paints mentioned above,

The undertaking of this work was suggested Dy Dr. Sabin, and
it was through her kindness that this study was possible.  Tlere
have been accumulating in the laboratory from previous studies a
number of injections of lymphaties in embryo pigs of all stages
made by Dr. Sabin, These with numerous new injeetions have
been cleared by the Spalteholz method,! and the present paper is
based on a comparative analysis of these specimens. It has
been the aim to give ss aceurately as possible the loeation of the
lymphatics and the morphological changes in successive stages of
devolopment.  There has been no attempt, to deseribe the minute
strueture of the lymphaties but simply to trace the gross changes
in the Iyriph channels,

1Spnlt?hulz, W., Ucber das Durchsichtigmachen von menschlichen und tieri-
schen Priiparaten. Leipzig.  Verlaz von 8. Tlirzel. 1911,
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48 ADMONT H. CLARK

The work of Sabin has shown that lymphatics first appear in
the embryo pig 10 to 11 mm. long as an outbudding from the ante-
rior cardinal veins opposite the third, fourth and fifth segmental
branches. From these primitive buds a plexus of lymphatics is
formed along the dorsolateral border of the anterior cardinal
vein and this plexus is transformed into a non-muscular endothe-
lial lined sac. From this primitive sac by continued centrifugal
growth a large number of sprouts grow dorsalward into the pos
terior triangle of the neck and form a complete arch of lymphatic
capillaries connecting at either end with the primitive sac. This
entire arch of capillaries becomes transformed into a part of the
jugular lymph sac which explains the form of the final sac as shown
in figure 1. From the jugular sac, still by centrifugal growth,
the peripheral lymph vessels radiate forward over the head and
backward over the anterior part of the body forming plexuses
which are characteristic and definitely located.?

For convenience I shall use the following terms in referring to
the lymph sac, the form of which is shown in figure 1. (1) The
anterior curvature of the lymph sac is the portion lying behind
the pharnyx against the internal jugular vein. (2) The sac
stalk is the portion of the sac also on the internal jugular vein
extending between the point where the valve develops at the
junction of the internal and external jugular veins and the ante-
rior curvature. ‘This is the first part of the sac to develop. (3)
The apex is the portion of the sac lying in the posterior triangle of
the neck. The reasons for this division of the sac are not obvi-
ous in figure 1, but I shall show that they correspond to the funec-
tion of the three different parts of the sac. The apex of the sac
connects with the sac stalk both through the anterior curvature
and more directly by a large channel which joins the stalk not
far from the valve into the vein. '

The form of the jugular sac is well shown in figure 1, which is a
diagram made from an embryo pig 2.8 em. long and in figure 2
which is a drawing of an injection of the lymphatics in a pig 3.5
cm. long. From the sac four groups of lymphatic vessels develop.

2 A part of this work is in the Amer. Jour. Anat., vol. 1, 1901-1902, and a part of
it will be published in the Ergebnisse fiir Anat. und Entwicklungsgeschichte.
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The first group consists of a few large vessels which have Erown
from l.l.le apex, the most superficial part of the sac, over the seapli-
lar region. The second place of growth is the dorsal border of

755,

Fjg..l Dingram of the Jugular lymph sac in an embryo pig
the points of origin of the peripheral vessels. ¢ 10, 1
.\r{;turl,j;_(.,(, tross connection hetween the apex of the sue and the swe stalk: ¢ 2
:Iﬂlpf_ril‘l‘.lall -.-:-.1‘-\:11'::11 plexus; 0, ogeipital tymph duet; Po.T F, point of origin ('n‘ the
loalenor-auricular, temporal and facial lymphatics: Fp

; 1 I 3 nfics; y retrg " y T -
phaties; S, stalk of the spe; e e‘-’ t;l‘:‘j‘:;:]’::;“i{].‘ i
._ ‘ . 2bhe ! 8.4, Y Aupra-
.julnpul.nr t_»m[r.hu{u_:s, 8.8, supraseapular lymphatics from the vepvigal plexus;
T.B.L, thoravie and branchial lymphatics, o

2.8 em. long to show
A, apex; A.€, antorior pur-

Sm, submaxillary Iymphatios;

the apex just anterior to the supraseapular vessels. A large
duct extends forward over the occipital region of the head. This

particular vessel is very large in the human embryo as ean be seen
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50 3 ADMONT H. CLARK

in figures 505 and 506 of the Handbuch der Entwickelungsge-
schichte des Menschen. Keibel and Mall., vol.2, 1911, ps. 708-709,
after Sabin. The third group of vessels is from the anterior cur-
vature of the sac where it arches dorsalward and lateralward
behind the pharynx. The importance of these vessels is shown
both by their size and their early appearance. In an embryo 2.8
em. long the anterior curvature has a distinet bulge protruding
toward the buceal cavity, and in one specimen a few ducts can be
seen radiating toward the pharynx. Irom this retropharyn-
geal process of the sac are to be developed all of the Iymphatics
of the pharynx, Bustachian tube, the nasal cavity and a part of
those of the tongue. The fourth group of vessels is by far the
largest. Infigure 2will be seen a group of vessels from the ventral
border of the apex of the sac which grow ventralward external
to the sterno-cleido-mastoid musele and form an extensive lym-
phatic plexus along the course of the external jugular vein. This

plexus T shall call the superficial cervical plexus since it gives,

rise to the superficial cervical lymph glands.

The injection shown in figure 2 is not a complete injection for
these vessels. The point of injection was in the suprascapular
vessels which is an indireet point for the superficial cervieal plexus.
The vessels from the ventral border of the apex of the sac are
present in an embryo 18 mm. long and hence they begin it about
the same time as the suprascapular lymphatics. The superficial
cervical plexus as shown in figure 2 has already sent a group of
vessels cranialward, part of which are shown as posterior auricular
lymphatics. The vessels which grow forward along the external
jugular vein divide into two groups, the temporal and the facial.
From the ventral border of the superficial cervical plexus develop

Fig. 2 Injection of the jugular lymph sac in an embryo pig measuring 3.5 cin.
long. Magnified about. 10 times. This is the sume spicimen which was shown as
figure 3 in The American Journal of Anatomy, p. 186, vol. 3, 1904. The specimen
has since been cleared by the Spalteholz method so that it shows the relation of
the superficial lymphatics to the jugular lymph sac. Itisa complete injection of
the supraseapular and occipital ploxuses and an incomplete injection of the begin-
ing cervieul plexus. The sac stalk shows faintly where it extends internal to the
arm. F.y, facial vein; a little bload in this vein enubles one to locate the position
of the superficial cervical lymphatie plexus.

[ gy
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52 ADMONT H. CLARK

as shown in figure 1 the lymphatics for the skin of the neck and
the submaxillary vessels, while the caudal end of the plexus gives
rise to the superficial lymphatics of the arm and of the thoracic
wall. Thus the jugular lymph sac gives rise to the suprascapular,
occipital and pharyngeal lymphatics directly and is the place of
origin of the superficial cervical plexus which in turn supplies
all the rest of the lymphaties for the head, face, neck, thorax and
arm. The deep lymphatics of the arm have not yet been worked
out in the pig. In the cat and in human embryos they arise from
an extension of the jugular lymph sac which lies along the primi-
tive ulnar vein. '

These fundumental groups of lymphatics the suprascapular,
occipital and superficial cervical, which can be seen in the embryo
3.5 cm. long and indeed can be injected a short distance from
the lymph sac much earlier namely in specimens measuring 18
mm. are constant. Ducts originate from definite places and
establish definitely-localized plexuses. Thus in the early stages
there are distinet plexuses in the skin which are connected with
each other only through their central connection with the sac.
Such a primary plexus for example is the occipital plexus of figure
2. By subsequent development however, these separate areas
become interconnected, so that an injection instead of being lim-
ited to one of the primary plexuses spreads out quite widely, reach-
ing the sac not by a single set of ducts but by a number accord-
ing to the extent of the injection. Thus, plainly, the earliest
lymphatics drain definite areas which are distinetly located and
definitely defined. . '

In figure 2 it is shown that the suprascapular vessels drain
by a few vessels sometimes not more than one or two directly into
the apex of the sac. At this stage there are a few small anasto-
moses between the suprascapular vessels and the superficial
cervical plexus. These anastomoses are destined to become
very abundant so that there are eventually more vessels which
connect the suprascapular plexus with the superficial cervical
plexus than with the primary sac. :

This process of the development of anastomoses between the
different primary plexuses goes on until the entire superficial

e
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lymphatic plexus is a complete layer of lymphatics covering the
body. This stage is shown in Sabin’s figure 5 in The American
Journal of Anatomy, p. 188, volume 3, 1904  TIn this figure it is
not possible to analyze the primiary plexuses; the aupmécaz.pn[:u*
oceipital, posterior auricular, temporal, facial, cervieal, thm-ucic:
and brachial vessels make one continuous plexus, When an
injected specimen of this stage is eleared however by the Spalte-
holz method the place of origin for esch plexus can be made aut,
In !j;.;l;ul'e 3 it is clear that the primary lymph sac has the three
divisions already given, namely, the apex in the posterior triangle
the a_nterior curvature and the sae stalk lying deeper and hence
showing very faintly on the internal jugular vein, The apex of the
sac and the anterior curvature may now be called lymph glands

the sac stalk however remains ss the deep jugular lymph trun ksj
In comparing figures 2 and 3 it is clear that in the earlier stage the
outline of the sac is a comparatively smooth eurve from the stalk
around to the apex. 1In an embryo pig 20 mm, long the entire
dorsal border of the sac has a series of sprouts but the permanent
duets are however limited to certain aress along the sac and these
parts enlarge while the intermediaie parts remain small. This
determines the position of the lymph nodes.

Three factors seem to guide this primary node formation in the
sae.  First the apex of the sac receiving as it does the supraseapu-
lar and oecipital vessels directly and all of the vessels of the face
neck, arm and thorax indirectly through the superficial uervinni
plexus is the largest center of drainage in the neck. Lymph
glands develop at the centers of drainage and the apex of the sac
therefore hecomes an early and alarge node. Second the portion
of the sac between the apex and the anterior curvature can be
assumed to be comparatively non-functional as & path for lymph
conduction, for the apical drainage would most easily pass to the
veins by way of the eross conneetion to the stalk. Henece the por-
tion of the sac intervening between the apex and the anferior
curvature remains small.  Third, the development of the sterno-
cleido-mastoid muscle which crosses the sae between the apex and
the anterior curvature probably causes a prossure to be exerted
at this point. Drainage, function and structural relations ean
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be said to be factors in controlling node formation and develop-
ment both in the lymph sac and along the peripheral lymphatics.
The relations of the peripheral lymphatics to the sac and the
development of nodes thus described are constant.

The superficial cervical plexus needs a very careful description.
It is clear that it is an important structure since it drains so. large

Fig. 3 Injected jugular lymph sac, superficial cerviezl lymph plexus and the
peripheral lymphatics in the neck of an embryo pig measuring 5.5 em. long. Mag-
nified about 7.5 times. This figure is to be compared with figure 5in The American
Journal of Anatomy, p. 188, vol. 3, 1904, which is a complete injection of the super-
ficial lymphatics of the same stage. A4.s, the apex of the jugular sac making the
lymph gland of the posterior triangle; A.c, anterior curvature of the lymph sac
making the deep jugular lymph gland; C.p, superficial cervical lymph plexus;
S.¢, submaxillary lymph gland; S.s, stalk of the jugular lymph sac.
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an arex.  As seen in figures 3 and 4 it is an extensive and dense
plexus of lymphaties lying along the external jugular vein latera]
to Lh.e sterno-cleido-mastoid musele. Tt has in reality two points
f’f origin. First, the ventral border of the apex of the sac shown
in figure 2 for an earlier stage but still better in figure 3. The
second place of origin is a plexus of lymphaties from the Sl.alk of

) Tig. 4 Injected jugular lymph sac and cervical lymph plexus in a pi

g 7.5 cm, !ung, to show the relation of the develop};ngl glzr:nds in the I;Lil?sgst‘;;
sne. Mugnified 6.5 times, | -8, apex of the sac or gland of the posterior trinngle ol:
the neck.  The anterior curvature of the sae, which is a deep Jugular phurj-rn eal
lyml?h gland, shows behind (he sterno-cleido-mastoid muscle. C.p supm'ﬁgc"ial
cervieal plexus which is destined to be 4 group of lymph glands, Ay Ehe verebral
end of the plexus is a developing facial gland, 8.y, submaxillary lymph gland,
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the sac which follow the external jugular vein. This group of
vessels is indicated by one trunk in figure 1, but the vessels show
much better in a mesial view. Mesial sections of pigs 5 to 6 cm.
long show that there is an abundant plexus of vessels arising
from the stalk of the sac in the root of the neck near the place
where the lymphatic sac connects with the vein. A few of these
vessels follow the stalk or deep jugular trunk and are mentioned
in connection with the lymphatics of the pharynx, more of them
however follow the external jugular vein and connect with or help
to form the superficial cervical plexus. In one specimen, one of
these vessels connects directly with the external jugular vein
instead of with the sac stalk. Thus the superficial cervical plexus
can be said to arise not only from the apex of the sac but from the
sac stalk as well or even by a variation directly from the veins.
The plexus of vessels which follows the external jugular vein is
very conspicuous in injections of cat embryos where the vein is
entirely surrounded by a plexus of lymphatics.

In the pig 5.5 em. long the cranial end of the cervieal plexus
gives rise to three sets of lymphatics. First there are vessels
growing behind the ear making a posterior auricular set. There is
also a secondary plexus of vessels close to the main plexus which
supplies (2) the temporal lymphatics and (3) the facial vessels.
From the ventral border of the cervical plexus grow a group of
deep submaxillary vessels and a very abundant plexus of vessels
for the skin of the neck. The submaxillary plexus supplies the
lower jaw and tongue and it has anastomoses both with the facial
group and with the vessels from the anterior curvature of the
sac. The submaxillary plexus may also connect with vessels
along the internal jugular vein. The importance of these anas-
tomoses between the primary groups of vessels cannot be empha-
sized too much.

The caudal end of the cervical plexus extends directly into the
superficial thoracic vessels and supplies also the superficial lym-
phatics of the arm. These would show better in a ventral view
than they do in the lateral one. In this point the drainage in the
pig is different from that of the human embryo where the large
thoracic vessels and the superficial vessels of the shoulder drain

" o
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into the axillary vessels as can be seen in the figures from the
Handbuch der Entwickelungsgeschichte quoted above. The pat-
tern of the superficial vessels of the arm is to be seen in figure
5 of The American Jowrnal of Anatomy, p. 188, volume 3, 1904.
The mesial view is better for the lymphaties of the ar,lterior
curvature of the sac. They show faintly in figure 4. Three
groups of vessels can be injected from the anterior curvature in
specimens 5 to 6 em. long.  First an abundant group which extend
to the wall of the pharynx, second vessels which extend along the
sphenoid bone to the nasopharynx and third a small chain which
grows othard toward the ear. It is probable that these are the
lymphatics for the Eustachian tube. The anterior curvature is
pqt the sole place of origin for the pharyngeal lymphatics for some
InJecti.ons show vessels which arise from the stalk of the sac low
down in the neck, that is to saynearthevalveintothevein. These
ve§sels follow the course of the sac stalk, along the internal jugular
vein to the wall of the pharynx. Some of the pharyngeal vessels
an'a,stomose with the superficial cervical plexus. Thus it may be
sal.d that there is an extensive budding of lymphaties from the
veins 'of the neck.  Almost all of these Iymphatic buds make the
deep jugular sac from which vessels arise in three places (1) from
the apex, (2) from the anterior curvature and (3) from the stalk of
the sac near the valve. These latter vessels are in the main deep
lymphaties for the pharynx or superficial vessels which follow
the external jugular vein. Occasionally a vessel arises inde-
pendently from the external jugular vein itself. Tt may well be
b_rought out here thal none of the njections of the deep lympha-
tics has ever followed the arteries or veins into the cranial cavity.
. The origin of the lymphuatics of the tongue is peculiar in that
}ts vessels come from two sources. Lying beneath the mandible
is the submaxillary plexus, and in the posterior pharynx is the
retropharyngeal plexus from the anterior curvature of the sac.
The base of the tongue is situated between the two. Into itand
o the sdjoining part of the pharnyx grow ducts from easchof
these plexuses. . Af this stage of development the drainage is
probably in !mfh divections, but as the size of the embryo increases
the more direct retropharyngeal route becomes the chief line,



58 ADMONT H. CLARK

rather than the roundabout course through the submaxillary
plexus, Thus it is elear that the deep lymphatics for the head and
neck come from the sac stalk and its extension the anterior cur-
vature. A part of them however, namely the submaxillary group
come from the cervical plexus.

To sum up the relations of the superficial lymphatic vessels
to the jugular lymph sac; three groups of vessels arise from the
apex of the sac and therefore drain into the gland of the posterior
triangle of the neck, the suprascapular vessels, the occipital
vessels and the superficial cervical plexus. This latter extensive
plexus has a double origin coming from the sac stalk as well
or even by a variation directly from the vein. The stage of 5 to
6 mmn. represents the time when all of the primary superficial
plexuses have been formed and have anastomosed with others in
the skin so that there may be said to be one continuous plexus of
lymphatic capillaries which covers the body. This plexus will
become the deep subcutaneous plexus of lymphatie ducts. The
development of valves in this plexus which now begins makes
it impossible to obtain such extensive imjections as can be made
in embryos 5 to 6 cm. long but the development of the valves
tends again to bring out the primary plexuses which were lost by
the development of the anastomoses.

From the anterior curvature of the sac and in part from the
stalk of the sac develop the vessels for the pharynx and nose.
These together with the submaxillary vessels from the cervical
plexus represent, the deep lymphatics for the head and neck.

All injections of later stages bring out the fact that the jugular
Iymph sac develops into two lymph glands and the deep jugular
lymph trunk. In figure 4 is shown an injection of the deep lym-
phatics in the neck of a pig 7.5 cm. long. It shows particularly
well the position of the apex of the sac which is now a gland in
the posterior triangle of the neck, between the sterno-cleido-mas-
toid and the trapezius muscles. The anterior curvature of the
sac with some of the pharyngeal vessels lies under the sterno-
cleido-mastoid muscle. Tt is also a lymph gland. - The sac stalk
which is joined by the duct from the apex shows where it emerges
from beneath the muscle. On the surface of the sterno-cleido-
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mastoid muscle and along its ventral border is the superficial cer-
vical plexus. This is now one large gland. Tts efferent, vessels
are the group of ducts to the apex of the sac and a large group to
the sac stalk not injected in this specimen. They show well in
other specimens connecting the cervieal plexus with the stalk of
the sac. They follow the external jugular vein and Join the sac
near the valve into the vein, The specimen shows some of the
afferent vessels of the cervieal plexus. Along two of the groups of
affe;rent vessels namely the submaxillary vessels and along the
facial vessels are developing Iymph glands. This figure may
well be compared with the injection of the lymph glands in the
neck of 4 new horn given as fig, 30 by Bartels in Dag Lymphge-
fiisssystem, in Bardeleben’s Handbuch der Anatomie desMenschen

p. 103, 1909. ‘

Injections of pigs 7 cm. long show the same structural lines in
t_he lymphatics as the pig measuring 5 em., with a few modifica-
tions. . The relations of the jugulnr sacs are practically the same
One thing must, however, be noted, that the size of the saé has not.
cha.n_ged much from that of the 5 e pig, Consequently the
|'eIat-w.a size of the sac being decreased, it does not occu;;y as
extensive an area in the neck, The anterior curvature instead
of being placed below the basi-sphenoid is below the atlas, and the
apex lies in the plane between the third and fourth vertebrae
instead of extending back to the fifth or sixth,

Another important morphological change is in the marked
development of the Iymph glands, The region of the sac between
the a'nterior curvature and the apex having probably lost jts
function, more oy less, as a line of drainage, hag become consider-
ably reduced in size, with three or four distinet constrictions
The beginning of this change was seen in the pig 5 em. long, .

The third marked change in the sac is the shifting of the
eross eonnection, which in earlier stages passes directly from {he
apex to the stalk. Instead of connecting by a shopt, {-’essel with
the stalk it passes parallel to it, a conneetion being finally estab-
lished near the point where the stalk connects with the.ve-in.

In embryos 8.5 ¢, long the sac stalk basses forward externa]
to the internal jugular vein to terminate in g single large node
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of the neck and the pharyngeal gland of the pig are represented
by groups of glands in the human being, The glands of the pos-
terior triangle of the neck in a new born are well shown in the

posterior to the pharynx. From this node lymph vessels radiate
to the deep structures of the head outside of the cranial cavity.

A single large duct extends back to the apical node lying ventral
to the trapezius muscle in the posterior triangle of the neck. This figure by Bartels, quoted above.

duct is plainly the atrophied remnant of the portion of the lymph In the adult pig the superficial cervical plexus hecomes a group
sac lying between the apex and the anterior curvature. The of from twelve to eighteen glands lying along the external surface
eross connection between the apex and stalk lies along the trans- of the sterno-cleido-mastoid muscle. They are of all sizes varying
verse cervical vein and joins the sac stalk near the valve into the frrm} I by 2 em. long to one very large gland measuring 2 by 3
veins as in the embyro 7 cm. long. The cervieal plexus, consist- em. just behind the ear near the arigin of the sterno-cleido-mastoid
ing practically of large nodes, lies partly in front of the sterno- musr.le.‘ This group of superficial glands clearly come from the
cleido-mastoid muscle and partly overlaps its anterior border. superficial cervical plexus and the vessels which grow fromit
It is covered superficially by the panniculus carnosus muscle. The efferent vessels from the superficial glands show well in-
There are two or three large nodes in front of the ear. HRight Bf“"ﬂﬁl'-‘s' figure, that is those that run to the glands in the posterior
or ten ducts lead from the superficial cervical lymph nodes over triangle. The develapment of the superficial plexus leads un.e to
the sterno-cleido-mastoid muscle, and pass to the primary apical expect that other efferent vessels follow the external jugular vein
node of the sac. Two or three vessels extend around the posterior From this study it is possible to obtain a clear idea of all the:
margin of the masseter muscle, to the submaxillary lymph glands. !ymph channels in the neck of the pig. From the apex of the
In the injected specimens of this stage there is apparently only a jugular lymph sac develops a large node in the posterior triangle
single large duct from the cervical plexus along the external jugu- of the neck which receives the occipital, the suprascapular. ;;}1(1‘
lar vein to the root of the neck. Probably there are more which the superficial cervical lymphatics, that is to say practically
' the injection did not reach. The retropharyngeal and part of all of the superficial lymphatics for the anterior part of the body
the submaxillary vessels drain through the anterior curvature of The rest of the sac becomes the deep jugular lymph trunks .md
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the sac and the sac stalk. The superficial vessels of part of the lymph glands of which the most cerehral one is by far the largest.

head, the face,neck, thorax and arm drain through the superficial
cervical glands either to the glands of the posterior triangle or
directly to the sac stalk through the external jugularlymph trunks.
The occipital and suprascapular vessels drain through the gland
of the posterior triangle of the neck.

Dissections of the adult pig show that the gland which develops
from the apex of the sac remains as a single gland in the posterior
triangle of the neck. In one specimen it measured 2 by 3 cm.
long. The gland from the anterior curvature of the sac also
remains a single gland. It is not as large as the apical gland
measuring 1 by 2 ecm. It lies on the lateral surface of the internal
jugular vein just dorsal to the pharynx. No other large gland is
to be found along the internal jugular vein but there are a few
small ones. It is clear that the gland of the posterior triangle

The deep jugular glands drain the pharynx and Eustachian tube
the nose and in part the vessels of the tongue and lower jaw'j
The superficial cervieal group of glands has the most complical,eci
development. This group comes not only from the apex of the
sac around the dorsal surface of the sterno-cleido-mastoid muscle:
but from the sae stalk or deep jugular trunk Ly vessels which
follow the external jugular vein, Tt may also have a direct vessel
f?'em th(? veins. The superficial cervical plexus drains the poste-
rior auricular region, the temporal, facial and cervical regions as
we.ll as the thoracic wall and the skin of the arm. The deep or
a)-c%llary lymphatics of the arm have not yet been followed in the
pig.

Qne of the most important points in this study is that there are
primary plexuses of lymphaties for cach region, that these primary
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plexuses are at first distinct connecting with each other only
through the lymph sac which makes their common point of origin.
Soon anastomoses between these primary plexuses connect them
so abundantly that the entire surface of the body is covered with
a primary and continuous plexus of lymphatics all of which can
be injected from any one point. The subsequent development of
valves follows the pattern of the original primary ducts as can
be seen in figure 505 in the Handbuch der Entwicklungsgeschichte
des Menschen, Keibel and Mall, p. 708, 1911, to such an extent
that the primary lines of growth can be made out in injections.
The study shows exactly what is meant by saying that the jugular
lymph sac becomes transformed into lymph glands. The glands
which arise from the sac itself we call primary lymph glands, those
which develop on the vessels which grow from the sac may be
called secondary and tertiary glands. The three kinds of glands
are all shown in figure 4. Lymph glands develop at the points
from which the peripheral lymphatics radiate out.

Eo.

ON THE CHEMICAL NATURE OF CERTAIN G N
RANULE
IN THE INTERSTITIAL CELLS OF THE TESTIS °

R. H. WHITEHEAD

From the Anatomical Laboratory, University of Virginia

SIX FIGURES

In t'he course of a previous communieation the writer! called
attention to the existence of certain granules in the iIltFrﬁtiti I
cells of the testes of various mammals, The present pa]'u;r‘ '\rril
the results of an attempt to control the previous ulJ.s.erv.atfi;(l).zmls
;ggi :Sl-so to obtain some insight into the chemieal nature of t;hi‘.‘i[:.

T.he granules were detected first in the cat’s testis fixed in for-
malin, and I shall begin the present account by a brief deseription
of the appearances noted in such material, In pural‘ﬁn“épctilnus
the granulgs may be demonstrated by a number of staini ng.meth-
pds, of which Reinke’s neutral gentian as employed by Br-'nslf,: 3
is gxcellunt. Here the cytoplasmic f vamework of the c;ells {s
at‘:alned by the orange (1, while the granules take the v;ulet. dy
.(hg. 1), as docs_ulm the chromatin of the nuelens. The eytt}plas-‘;::
18 extensively ‘_fnmmla-t.ed owing, for the most part, to the solution
of large r.]uan.tltics of lipoids by the reagents emplluwd in‘l imbed-
ding. The vmlcl-.-colured granules are fairly spherin.-zi.l in cuut.cn.lr
3:1(11- hvs;'y as to size. They are sprinkled here and there in th(;

ody, but are most numerous in the peripheral portion of the

3 i G v ;
R. . Whitehead. Studies of the interstitial vells of the testis. Histology-

“Anat. Ree 7
tee. of Amor. Jour. Annl,, vol. 7, no. 4, 1008, | have remarked elsewhers

that this i f

tit?e thjz;rpiguu;im (‘:JLt‘llluﬁlll"[I ‘in the Germun literature' under o miglendin,

;g[}s: 2 ,ql,r| u_:‘ur informa me that it is cited vorreetly in Zool. Jahresh IF
Y atatement was too broad, and T take the first opportunity to currer-.t..it‘

'R.R. Bensley.  Btudi : . .
vol. 13, 1981, ¥ ndies on the punereas of the guinea e Amer. Jour. Anat,,
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