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Part 1: The Lymphatic Vessels

1. General aspect

1) Development

The lymphatic vessels develop as the absorbing
vessels secondary to the blood vessels, either phylo-
genically or ontogenically."”

2) Visualization

For visualization of the lymphatic vessels, various
dyes (Patent blue, Evans blue, Berlin blue, India ink,
etc.) are injected into the vessels. Lymphangiogra-
phy using radio opaque substances was discontin-
ued nearly 30 years ago due to the increased suffer-
ing to the patient compared to the treatment ef-
fects. Recently, fluorescence lymphangiography us-
ing indocyanine green was investigated in rats as
well as clinical diagnosis.’ In sections, the lymphatic
identified
histochemically by 5’-nucleotide* or immunohisto-

vessels can  be either enzyme-
chemically using monoclonal antibodies against
their endothelium.” Electron microscopical observa-
tions™ are also effective.

3) Distribution

Lymphatic vessels are not present in all tissues

and organs. Blood and lymphatic vessels do not oc-

cur in the epithelium, sclera, or cartilage. Interest-
ingly, no lymphatic vessels are found in the intima
of the aorta and arteries. However, the lymphatics
form a well-developed network in the endocardium
of the heart.’ If the lymphatic vessels, which prefer-
entially absorb large molecular substances, are pre-
sent in the intima of the aorta and arteries, arterio-
sclerosis may not occur. Bones, as well as bone mar-
row and muscles, are rich in blood vessels, but lym-
phatic vessels are absent. The lymphatic vessels of
the bones and muscles arise from the periosteum
and fascia, usually termed as the deep lymphatics.
The central and peripheral nervous systems are
rich in blood vessels; however, they do not contain
lymphatic vessels either. The distribution of the
lymphatic vessels in the various exocrine glands
also follow similar fundamental principles. The sali-
vary grands (parotid, submandibular, and sublin-
gual glands) and the alimentary glands (liver and
pancreas) are rich in blood vessels but do not con-
tain lymphatic vessels. The lymphatic vessels of
these glands begin in the interlobular connective
tissues. In the endocrine glands, the thyroid gland is
the only organ in which the lymphatic vessels are
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distributed intralobularly. Thyroxine and thy-
roglobulin are released into both the blood and
lymph streams.” However, the venous pathway is
more important than the lymphatics because of the
higher flow. An experimental proof of the release of
large (650 kD) thyroglobulin molecules via the lym-
phatics into the general circulation may help in es-
tablishing the pathogenesis of Hashimoto's disease.
In the testis, the lymphatic vessels form a rich net-
work between the seminiferous tubules. Ligation of
the lymphatics draining the testis of rabbits causes
severe retardation of spermatogenesis and testos-
terone secretion.'"”

4) Regeneration

The lymph nodes are prepared for biological de-
fense during the prenatal period before antigen
stimulation. Although the lymph nodes are dis-
persed throughout the body, the sites and numbers
of lymph nodes are constant in all animals, including
human beings. On the basis of these facts, each
lymph node is regarded as an organ that never re-
generates after complete surgical dissection like
other organs, such as the spleen, lung, kidney, and
gonads. After the extirpation of lymph nodes, the
lymphatic tract recovers by sprouting of the re-
maining afferent lymphatic endothelial cells. Bud-
ding off from the lymphatic endothelial cells is ac-
celerated by an increase in the lymph pressure
based on lymph stasis. When the lymphatic vessels
are ligated, the lymphatic tract recovers by a newly
formed vessel running in a centripetal direction
within 7 to 14 days. Even if the thoracic duct is in-
jured, it should be ligated immediately to prevent
chylothorax.

2. Lymphatic capillaries

The lymphatic capillaries begin blindly in the
connective tissue and form a fine network.' They
are usually located at some distance away from the
blood capillaries in order to absorb the tissue fluid
that filtered out from the latter.

The neighboring endothelial cells of the lym-
phatic capillaries are separated, deformed, and
make a gap during periods of vigorous absorption
of tissue fluid.' The possible contractibility of fine
filaments in the endothelial cells may play an impor-

tant role.

The absence of the desmosomes, basement mem-
branes, and pericytes usually seen in blood capillar-
ies makes the formation of such intercellular gaps
easier. Such a structure helps the invasion of tumor
cells through the wall of lymphatic capillaries. The
gaps facilitate the passage of an individual's own
erythrocytes. Bleeding erythrocytes are absorbed
only by the lymphatic capillaries and are sent to the
regional lymph node. It has been seen that experi-
mentally injected newt'’s erythrocytes are not ab-
sorbed in mammals. The tissue fluid and foreign
particles are also absorbed by pinocytotic vesicles
in the capillary endothelial cells. Moreover, it should
be noted that the lymphatic capillaries provide an-
choring filaments which bind the endothelial cells to
the surrounding connective tissue fibers for pre-
venting the collapse of them.

3. Collecting vessels

In the collecting vessels, smooth muscle fibers
and valves appear.' The muscle fibers are embed-
ded within the rich connective tissue. They arise
immediately beneath the endothelium and are dif-
ferent from that of blood vessels. Therefore, the
border between the intima and media is often diffi-
cult to define clearly. The development of smooth
muscle fibers varies by region. In the upper ex-
tremities of humans, two inner circular and outer
longitudinal muscle layers are observed, and in the
lower extremities, three inner longitudinal, interme-
diate circular, and outer longitudinal muscle layers
are seen. The muscle fibers are usually small in
amount or are occasionally absent in the collecting
vessels of the head and neck.

The valves of the collecting vessels are usually bi-
cuspid and regulate lymph flow only in a central di-
rection under physiological conditions. However,
the lymph flow in a retrograde direction can be
evoked when the valves become inefficient by se-
vere lymph congestion caused by diseases such as
filariasis or malignancy, among others.

In the collecting vessels, rhythmical contractions
are often observed segmentally in a region between
two adjacent valves, termed microlymph-hearts"” or
lymphangions.” The lymphatics have both sympa-
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Lymphatic capillary— _

Internal jugular vein

——Subclavian vein
Brachiocephalic vein——

Figure 1 A scheme illustrating the relationship between lymphatics, lymph nodes, and
blood vessels.

Lymphatic capillaries are the origins of lymph vessels and begin in blind ends that absorb
and drain surrounding interstitial fluid. In the collecting vessels, smooth muscle fibers and
valves appear, resulting in rhythmical contractions are often observed segmentally in a
region between two adjacent valves, as termed microlymph-hearts or lymphangions. The
valves of lymph vessels are well-developed, ensuring that lymph flows uni-directionally
without any backflow (Law of Conduction). In the human body, all lymphatics must pass
through at least one or more lymph nodes before merging with venous system at the an-
gulus venosus (*) (Law of Intervention). Note that the number of the efferent lymphatic
vessels from the lymph nodes is only one, although many afferent lymphatic vessels enter
the lymph nodes. Furthermore, the caliber of the efferent lymphatic vessel is almost simi-

lar to the afferent lymphatic vessels.

thetic and parasympathetic innervation.” Although
intrinsic rhythmic contractibility is very important
for the active forward propulsion of lymph, a more
effective factor is passive movement such as mas-
sage of the limbs, respiration of the lung, and ab-
dominal visceral movement.

Furthermore, there are three additional charac-
teristics of the collecting lymphatic vessels. In the
first, the collecting lymphatic vessels from the pe-
ripheral tissues or organs pass through at least one
lymph node before entering the thoracic duct and
the blood stream as a rule (Law of Intervention, also
see Figure 1). One of the exceptions is the lymphat-
ics from the thymus. A reason is thought to be that
the thymic lymphoid tissue is free from antigenic
substances due to the existence of a blood-thymic
barrier under physiological conditions. Secondly,
the collecting lymphatic vessels show little change
in caliber throughout their course, whereas the cali-
ber of the blood vessels become smaller farther
from the heart. For example, the lymphatic vessels
at the tip of the upper or lower extremities are not
different in caliber when compared to those at the

axillary or inguinal regions. A more curious, but im-
portant thing is that the number of the efferent
lymphatic vessels from the lymph nodes, whether
they exist solely or in a group, is only one, although
many afferent lymphatic vessels enter the lymph
nodes. Furthermore, the caliber of the efferent lym-
phatic vessel is similar to the afferent lymphatic
vessels (Figure 1). The role of such peculiar struc-
ture is still unknown. One of the possible reasons for
such a peculiar structure seemed to be that the
lymph in the sinus of lymph nodes is forced to flow
slowly, resulting in more active phagocytosis by si-
nus macrophages and transverse reticular cells in
the sinuses. Another reason is thought to be that a
rise of sinus lymph pressure forces to infiltrate vari-
ous substances (including antigens) and cells trans-
ported via the afferent lymphatic vessels into the
parenchyma of lymph nodes for the next step of
biological and immunological defense mechanisms
in the lymph nodes.” Thirdly, the collecting lym-
phatic vessels leak lymph through their walls.” The
leak of carbon particles or cells from the paraster-
nal lymphatics is often observed. The leak of lymph
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has been reported in the other lymphatics and in
other animals, including human beings. Carbon par-
ticles or cells injected into the peritoneal cavity of
rats are reported to be absorbed into the diaphrag-
matic lymphatic capillaries and are transported to-
wards the parasternal lymphatic vessels.” A pecu-
liar structure consisting of the reticular network
and the lymphocyte infiltration exists at the site of
lymph leakage,” which is similar to the basic struc-
ture of the lymph nodes and lymph nodules.

4. Thoracic duct

The thoracic duct consists of an intima, a media
composed of three layers of internal longitudinal, in-
termediate circular and outer longitudinal muscle
bundles in rich connective tissue, and an adventitia
composed of loose connective tissue.' The thoracic
duct usually has bicuspid valves. Curiously, unicus-
pidal or tricuspid valves, which do not fill the whole
lumen, can occur. An appearance of valve opening
in a reverse direction is even more odd. The
Virchow's lymph node, situated just before the
opening of the thoracic duct into the left venous an-
gle, is associated with the thoracic duct.

Part 2: The Relationship between
the Lymphatic Vessels and Fat

1. Distribution of the lymphatic vessels in the
adipose tissue

The adipose tissue is apparently very silent
either macroscopically or microscopically. Practi-
cally, the break-down and resynthesis of triglyc-
erides stored in the fat cells are carried out repeat-
edly. Two networks of the blood capillaries and the
reticular fibers surround each fat cell. The lipopro-
tein lipase concerned with the lipid metabolism is
located in the endothelium of the blood capillaries.
However, lymphatic capillaries are absent around
the fat cells and are first found in the interlobular
connective tissue surrounding varying number of
fat cells.

2. Familiar localization of the lymphatic ves-
sels and the lymph nodes in the adipose tissue

Superficial lymphatic vessels from the head, face,
breast, abdomen, and the upper and lower extremi-
ties pass through the subcutaneous tissue, consist-

ing of fatty areolar tissue, towards each regional
lymph node. They usually run straight from the
originating sites until they enter the regional lymph
nodes, and anastomoses occur occasionally. All the
lymph nodes are embedded in the adipose tissue.
Abundant fat around the lymphatic vessels and the
lymph nodes reduces external pressure, the loss of
heat, and the disturbance of immunological defense
mechanisms.

3. Possibility of suppression of chylomicron
absorption from the intestine into the lymphatic
vessels by stress

Male rats weighing 190 to 200 g and in whom the
stock diet was maintained were anaesthetized us-
ing sodium pentobarbital injected intraperitoneally.
According to the method of Reinhardt,” lymph was
collected by cannulation of the thoracic duct using
the cervical approach via the thoracic duct with
fine-tipped glass cannulas in glass vials and mixed
with dry heparin to prevent clotting. After lymph
collection for 30 minutes, the rats were injected in-
travenously with physiological saline in a dose of 2
ml/300 g body weight or with a solution of potas-
sium chloride 23.1 mg/ml H.O in the same dosage.
The intravenous injection was carried out slowly
over 5 to 8 minutes. The lymph from the thoracic
duct was collected for subsequent 30 minutes after
intravenous injections using different glass vials.
The changes in the color of the thoracic lymph
were dramatic. The milky color of lymph from rats
intravenously injected with saline was different
from the lucent color in rats injected with a KCI so-
lution.” The fading color changes of the thoracic
duct lymph could be attributed to the disappear-
ance of chylomicrons, although no definite evidence
was found. Lipids in the lymph must be measured
and the presence of chylomicrons must be exam-
ined. However, an acute rise of plasma potassium is
thought to stimulate the secretion of the adrenal
hormones as one of the stressors. It has been re-
ported that the color changes of the thoracic duct
lymph never occur after either intraarterial or in-
travenous injection of a KCl solution in either hypo-
physectomized or adrenalectomized rats.”* Certain
illnesses or symptoms showing lipid-related meta-
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bolic changes may be explained by this stress hy-
pothesis.

4. Changing in the routes of fat transport and
the fata storage in the body

Interestingly enough, ontogenically in aquatic life,
fat is transported via portal vein to the liver as well
as other two nutrients (carbohydrates and pro-
teins). The fat is directly stored in the liver as “cod
liver oil”. In contrast, in terrestrial life, fat is only ab-
sorbed by lacteals and transported via the thoracic
duct to general blood circulation without accumu-
lating into the liver. Therefore the absorbed fat is
available to all cells in the body and portal vein only
transports carbohydrates and proteins to the liver.
In humans, the cells storing fat are only recognized
as “Tto’s fat storing cells” in the space of Disse.”
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FTIERTOY Y8R (%) THIRRLGRTZEICLT 1 EEZVLZRI DY
iR EMT S (I fEf). 1 2o® Y Y3 (Lymph node) D) ¥ 8250 1L 1 A0
ATHDLOIIKR LT, WA) N EIZHTHHI L, SHITHMY Y XEORSIZHAY
UREOKREEIFZEALRLTHSZ EIZEH. Brachiocephalic vein : BidE## IR, Internal

jugular vein @ WSEHHIR, Subclavian vein : $54 T &##Ik.
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1. EEHEERICE T B U INEOSR

IR X PIIR YIS & BAMEE NI S W & A ITREE
H MRk CTH 5. EBICIE, PRIGHINICEZ S
N7=b) 7T A4 FOGHEFBEBIIME L #D
B IRLEZ > TWD, BHILE & MM
200 %y b7 — 27 5 & ORI Z Y PHA T
W5, BREIMCEIC 2 5 ) REH ) 28— €SB/
MENBICBELTWA. LaL, Bl ¥ 8%
PREGHIBLR P I AEAE L v, ) 834 e
THEET 2 RVMBRHE 2 W/ N ERK SRk I
LTRSS,

2. UDINEE) NEIIIBREBICIFA TRE
ER)

UH, B, MW, JEEE, AU LEECTRE S oA
U VE IR O /N IR 04 F 2 B2 T LR %
L CENZNOFE) Y 8F A ). RIEEY v 8
BILEF LG T o 72 GRIGEE) 2 5RrE ) %
HilC AL ETHETTS. BEVHELOWE DL D SN
HETII R, $XTOY U3 F 72RO
HCHIZE LT D, ) w855 8y o SEE BRI B I
PWEEIHAET D LT, WERKRBEOLL: Fh
WS RE HERE OB 2 TR % 2 & IR,

3. APLRIZEKBEBBLPESUNEADAHAOS
2 0 2RI D IHI D P REME
FEESEHCHERE S 1, ARE AT 190~200g DHET v
M2 PNV E Y — V& BERENTES L TR L
7z. Reinhardt ® N2 HE - T, TR 2> & MG
Uik RO T AE AL TINE DS ) 3% L
L7z, ) v 8% 30 s lisEd 714, 7 v MR
K (2 mI/MKE 300 g) FkFEEOELA Y 7 LE
W (KCl 231 mg/ml 2887K) % REEIRICTES L
72, EIRESHE 5~8 & T TWw oL ) EfFo 7z,
W& X% J 2 DT AR S BT 30 45 [ #
LTHREL. ZOEY ¥ 30 ZAbh BN T
Holz. EHERKEZHRIHNLZZT Yy P2r5D3
V7 OREY oS e, KCLBH % 4T L 72
7 v bOWEY YNMIERHICE DS 720 WEY v
NOFEYULIE, BRFETORERIZZ VWD OD, A

uIzuyipRiZiazbotlbhs. )y SND
JeWig 2z WE T 5 LEPHY, T/, A4 vIrn

vERDMWET AUELEH L. LLaeAs, lEEH
U ADRWME LA O A ML A L L CRIE#E
BARNVE YOI L7zt dEz o5,
THEAYIBR F 2RI LT v M T, KCLE
W2 BRI £ 72 3 F RIS L CHIE ) kot
e E R v E oRED D277 R#E 0%
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1L PE ) B HE RO PICIE, TOXH)BRAML A
WAL Z2HADBTE L L ODDH 50 H M.
4, FEREDRIVIL— b & EEISFRDZE(L

FoM AW LSRN, KREEY (A
B) TR AR B & BRI TR S
Ns&, FICMIRRZ S L CTIFBICEIZN, W
ELTHEICE A oM 5. 2RI LT, BEEEOS)
Y (FRAWHFLEE) 12722 LRI o) v
DAL E N, FFIRICEHEEZ OGN %L,
W% % L CEBES OMEIC A S, BRIk K
It BADAZERZ LD, 2F), e D

i TIZ b IR 2 ERT L2 e %%, &
HOMBSEE 2 R#TEL Ikt L
Mo T, b FOFETIE, EhZzEZ sMlue LT
ME— “FHHIRET & LT 1 v R ENICERAT A0
ATH ALY,
@O

Az T EODHIIYoT, BHEOMETH S
ENBASEIR, JEMAERIRIZA 7 A MId, S REX
Brnizni.
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