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ABSTRACT

The principal function of the lym-
phatic and venous system is to maintain
a favorable environment for cells of the
body. As a consequence mainly of
hydrostatic forces, shifts of fluid usually
occur between the vascular system and
the extracellular space. To compensate
for these shifts the veins are capable of
active and passive changes in capacity
that serve to modulate the filling pres-
sure of the heart by adjusting the cen-
tral blood volume. In addition to the
venous function, the lymphatic function
also contributes to compensate for the
fluid shifts by drainage from the inter-
stitial space. Namely, the general func-
tion of the lymphatic system is to return
fluid and protein which escapes from the
blood capillaries to the lymph circula-
tion. To elucidate the mode of venous
and lymph transport, therefore, it is of
essential importance to obtain basic
knowledge of the mechanical characteris-
tics of the walls of the vessels and the
functional characteristics of the lym-
phatic and venous valves dividing two
adjacent compartments. In this communi-
cation, in order to answer the question,
"Are Lymphatics Different From Blood
Vessels?", I would like to review a com-
parison of viscoelastic properties of walls
and functional characteristics of valves

in lymph and venous vessels by use of
our original data obtained with isolated
canine veins and thoracic ducts and with
isolated bovine mesenteric lymphatics

(1-9).

Mechanical characteristics of lymph ves-
sels

Fig. 1 shows typical recordings of
pressure-radius relationships in one lym-
phangion preparation of isolated canine
thoracic duct. It is one of the typical
fibrous-typed lymph vessels which have a
few smooth muscle cells within a large
number of elastic and collagen fibers in
the wall. The curves recorded at the
valvular and intervalvular portion of a
lymphangion are similar in pattern to
what has been observed in isolated canine
jugular vein. The calculated circumferen-
tial elastic moduli of the walls was about
2.0x10° dynes/cm2. The curves have
small hysteresis loops but no phasic fluc-
tuations of the pressure produced by
spontaneous contractions.

Fig. 2 shows pressure-radius rela-
tionships in the one-lymphangion pre-
parations isolated from bovine mesenteric
lymphatics. The vessel is well known as
one of the muscle-typed collecting lymph
vessels. Thus, smooth muscle cells in
the wall are well developed and arranged
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Fig. 1. Passive pressure-radius relationships in
single lymphangion specimen isolated from canine
thoracic duct. A: valwular portion. B: intervalvular
portion.
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Fig. 2. Passive pressure-radius (o), total pres-

sure radius (o), and actively generated pressure-
radium (A) relationships in single [ymphangion

specimen isolated from bovine mesenteric lymphat-
ics. Vertical bars stand for standard errors. Data
from Ohhashi et. al. (3) by permission.

in three layers; the internal longitudinal,
intermediate circumferential and external
longitudinal.

A curve depicted by open circles is
similar in pattern to what has been
observed in isolated canine portal vein.

Circumferential elastic moduli of the
walls are calculated to be about 0.4x10°
dynes/cm? in the physiological pressure
range, the value being smaller than those
in the fibrous lymph vessels. An increase
in the radius causes an appearance of
spontaneous contractions. A curve
depicted by dots represents the total
pressure-radius relationship, the total
pressure being the sum of hydrostatically
imposed and actively generated pressure.
Hence, the active pressure increases with
increasing radius up to a certain maxi-
mum value. Further augmentation in
radius produces a fall in pressure.

The spontaneous contractions of
lymphatic smooth muscles in isolated
bovine mesenteric lymphatics are regu-
lated not only by the magnitude of
stretch but also by the rate and accelera-
tion of deformation. The rhythm and
amplitude of spontaneous contractions
have also been modified by humoral and
neural factors. The morphological charac-
teristics corresponding to spontaneous
contraction in bovine mesenteric lym-
phatics are summarized as follows: (1)
A large number of mitochondria are
observed on both sides of the nucleus.
(2) Numerous glycogen granules are also
found among and around the mitochon-
dria. (3) Blood capillaries are found
within the smooth muscle layers of the
walls. The former two structural features
may be a morphological manifestation of
the high metabolic activity required for
the spontaneous contraction of lymphatic
smooth muscle celis. The presence of
vasa vasorum within the media may
reflect the relatively high oxygen require-
ment of the smooth muscle cells and rel-
atively low oxygen supply from the
lymph flow. An ample supply of oxygen
may be required to maintain the spon-
taneous contraction.

Such mechanical and morphological
characteristics of lymph vessels are sum-
marized in Table I. As shown in the
table, there are marked regional differ-
ences in viscoelastic properties of the
walls of lymph vessels. Namely, the
muscle-typed collecting lymph vessel is
more compliant than the fibrous typed
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Table 1
Mechanical and morphological characteristics of isolated
bovine mesenteric lymphatics and canine thoracic duct

Mesenteric Lymphatic Thoracic Duct
outer diameter (mm) 2.8 (8 cmH,0) 30 (5 cmH,0)
wall thickness (um) 100 50
Young’s moduli (10° dynes/cm?) 04 20
spontaneous activity (/min) 24 0

structure smooth muscle >> collagen fiber  collagen fiber >> smooth muscle

vessel. It is able to elicit a marked spon-
taneous contraction.

Mechanical characteristics of venous ves-
sels

There are also marked regional
differences in venous distensibility. Fig.
3 demonstrates the average value of dis-
tensibilities with and without activation
of venous smooth muscles calculated
from the pressure-volume curves in the
isolated canine trunk and peripheral
veins. The numbers intra- and extra-
parenthesis show the distensibilities with
and without the activation of venous
smooth muscles ranging from 0 to Scm
H,0O in the pressure, respectively. The
largest distensibility in all isolated canine
veins is observed in the hilar portal vein.
Activation of venous smooth muscles in
the hilar portal vein also causes the most
reduction of the distensibility. In the case
of trunk veins, the distensibilities of in-
ferior caval veins passed through the dia-
phragm are significantly lower than those
obtained with the superior and infrarenal
inferior caval veins. The mechanical
characteristic may be related to a preven-
tive function of the venous wall itself
against collapse. If not, contractions of
striated muscles in the diaphragm may
cause collapse of veins, inhibition of
venous return, and then syncope. The
non-uniform distensibility of venous
walls is also understood in terms of local
differences in the architecture of venous
walls. Thus, in correspondence with the

# 0.22:0.03 (0.07+0.02)

0.25£0,03 (0.11+0.03)
0.340.04 (0.170,04)
0.31£0.07 (0.33+0.06)

0.2%0,05 .. /... N

(0,20£0.04 Q 0.15+0.02 (0.09+0.01)

0.14£0.03 (0.11+0.0D)

0.43+0.003 .,
(0.0310.01)

0.16+0.04 (0.0810.01)

0.2310.03 (0.21+0.02)

0.3210.05 (0.13+0.04)

0.2040.01 (0,03+0.006)

0.09+0.01 (0.02+0.002)

Fig. 3. The distensibilities with (intra-parenthesis)
and without (extra-parenthesis) activation of
venous smooth muscles calculated from pressure-
volume curves in the isolated canine trunk and
peripheral veins.

mechanical characteristics of trunk veins,
the wall thickness of suprarenal inferior
caval vein is about 2.5 times as great as
those in other trunk veins. Smooth
muscle cells in the wall are well devel-
oped, and arranged in two layers: the
internal circumferential and external
longitudinal. Embryological differences in
the genesis of the vein may account for
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the existence of longitudinal smooth
muscle layers. The longitudinal smooth
muscle layers in the venous walls, there-
fore, are observed only in the hilar
portal vein and suprarenal inferior caval
vein.

The longitudinal smooth muscle cells
are capable of inducing spontaneous con-
tractions in the venous preparations. Fig.
4 shows typical recordings of spontane-
ous contractions in longitudinal prepara-
tions isolated from canine suprarenal in-
ferior caval veins. The preparations con-
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Fig. 4. Effects of tetrodotoxin (10-7M), calcium-
free environment, and bartum chloride (ImM) on
the spontaneous contractions observed in longitudi-
nal strips isolated from canine suprarenal inferior
caval veins.

tract isometrically at a rate of 1-2 beats
per minute. The contractions, not
affected by tetrodotoxin, disappeared in a
calcium-free environment and reappeared
soon after an addition of ImM barium
chloride. These results suggest that
venious spontaneous contraction may be
generated myogenically.

Functional characteristics of lymphatic
valves

The value of endurance limits of
lymphatic valves was measured as one of
the parameters representing the functional
characteristics of valves. The endurance
limit of a valve has been studied by use
of the isolated cylindrical preparations
with two compartments, the lumen of

which is divided into two by a valve
located between the inlet and outlet can-
nulas. Pressure in the downstream half is
elevated stepwise by injection of Krebs
solution through the microsyringe. The
reflux is determined by a rise of pressure
in the upstream half. The endurance
limit is defined as the lowest pressure in
the downstream half at which the reflux
began. The values of endurance limits of
lymphatic valves in the isolated canine
thoracic ducts and bovine mesenteric
lymphatics are 48.4 and 68.1cm H,O,
respectively. The values are four to eight
times as high as the expected intraluminal
pressures under physiological conditions.

Functional characteristics of venous
valves

Fig. 5 demonstrates typical record-
ings of pressure changes in the upstream
and downstream half of a venous valve
in isolated monkey lateral saphenous
vein. A slight reflux, along with a rise
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Fig. 5. Typical recordings of pressure changes in
the upstream and downstream half of a venous
valve in isolated monkey lateral saphenous vein.

of pressure in the upstream half is no-
ticed at a downstream pressure of 60cm
H,O. The average value for endurance
limits of the valves in monkey saphenous
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veins is 68.2cm H,O. The safety factor
against reflux in the peripheral venous
valve is high as in the lymphatic valves.
However, there is a marked species
difference in the endurance limits of
venous valves.

CONCLUSION

In this communication, the mechan-
ical and morphological characteristics of
lymph vessels and veins, and the endu-
rance limits of lymphatic and venous
valves are briefly reviewed using our ori-
ginal data. There are marked regional
differences in the viscoelastic properties
of the lymphatic and venous walls and in
the value of endurance limits of lym-
phatic and venous valves. Therefore, my
answer to the question whether lymphat-
ics are different from blood vessels is yes
and no from the viscoelastic property
points of view. The answer may be de-
pendent on the materials selected to com-
pare functional and morphological charac-
teristics. Thus, it is unwise to attempt to
generalize about all lymph vessels and
veins of the body from the characteristics
of those of one tissue type.
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