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Summary

Membrane action potentials of bovine mesenteric
lymphatics were recorded simultaneously with iso-
metric contractions by use of the sucrose gap
method. The action potentials always had one-to-
one correspondence to the contraction waves.
From the effects of tetrodotoxin, manganese, cal-
calcium-free enviroment, and barium chloride on
the spontaneous contractions, it was suggested
that calcium current may probably play a major
role in producing spike discharge in the smooth
muscles. Blood capillaries were found within the
smooth muscle layers as well as in the adventitia.

Introduction

In lower animals, particularly in amphibia, the
flow of lymph is maintained by rhythmically
beating lymph hearts. Although there are no
lymph hearts in the mammal, all lymphatics
other than terminal capillary networks con-
tain smooth muscles in their wall (1). It has
been noted that mammalian lymphatics, at
least in certain species and in certain areas,
showed spontaneous active contractions which
were capable of promoting lymph propulsion
(1). Recently, the present authors have suc-
ceeded in recording membrane action poten-
tials of lymphatic smooth muscles by means
of the microelectrode technique, elucidated
the mechanism of lymph propulsion, and
examined the responses of lymphatics to
several physiological vasoactive substances

(2). These results will be published elsewhere.

The present experiments were undertaken to
study spontaneous electrical activity in bovine
mesenteric lymphatics by means of the sucrose
gap technique. The motor activity of lymphatic

smooth muscles was also investigated from the
view point of ultrastructure.
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Material and Methods

Segments of mesenteric lymphatics, between
0.5 and 3 mm in outer diameter, were dissec-
ted from fresh mesenterics of recently slaugh-
tered cattle. Longitudinal strips, about 20 mm
long and 0.5 mm wide, were cut from these
segments. Each strip was mounted in a sucrose
gap apparatus for simultaneous recording of
electrical and mechanical activities. One end
of the mounted strip was connected to a
force-displacement transducer (Shinko- Tsushin
UL-2) to record mechanical activity isometri-
cally. This part of the strip was continuously
superfused with the modified Locke’s solu-
tion of the following composition in m mole/
liter: NaCl 154.0, KCl 5.6, CaCl, 2.2, NaHCO;
8.0, glucose 5.5. Another end was anchored

at a fixed point and depolarized by the
K,S04 Locke’s solution, which had the com-
position (m mole/liter): K,SO, 126.0, KCI 5.6,
CaCl, 2.2, KHCO; 8.0, glucose 5.5. The middle
section of the strip was superfused with an
isotonic sucrose solution. Nonpolarizing Ag-
AgCl wire electrodes, which were connected
to a high input resistance preamplifier (Nihon
Koden MEZ 8101), were placed in the con-
ducting solution bathing each end of the strip.
The outputs from the electrodes and the
mechanoelectric transducer were recorded by
a direct writing oscillograph (Sanei Sokki 8S).
The lymphatic segments were fixed in a 4 %
glutaraldehyde solution. Small pieces were
then cut for embedding. After fixation in
osmium tetroxide and dehydration in alcohol,
the tissue blocks were embedded in epon. All
sections were cut with the LKB Ultrotome,
and the electron microscopy was done with
the Hitachi HU-11A. The sections were stained
double with lead citrate and uranyl acetate.
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Results and Discussion

Figure 1 demonstrates membrane action
potential, of bovine mesenteric lymphatics
recorded simultaneously with isometric
contraction waves. The action potentials,
which were about 3 sec in duration and
similar in appearance to the pacemaker
potentials recorded from some other smooth
muscles, had one-to-one correspondence to
the contraction waves. Each action potential
preceded the corresponding spontaneous con-
traction wave by about 750 msec. The action
potential could be divided into the following
three phases: initial slow depolarization, spike
and final slow repolarization. The average value
of resting potential in lymphatic smooth
muscles was estimated to be — 33 £ 4 mV. The
application of noradrenaline elicited a slight
but long-lasting depolarization superimposed
by frequent discharges of action potentials.
The administration of acetylcholine in a rela-
tively high concentration induced a transient
depolarization followed by the occurrence of
action potentials. Based on the effects of
tetrodotoxin, manganese, calcium-free environ-
ment and barium chloride on the spontaneous
activity, it was suggested that calcium current
may play a major role in producing spike dis-
charge in bovine lymphatic smooth muscles

3.

Figure 2 represents a blood capillary found
within the media of bovine mesenteric lympha-
tics. It was identified as a blood capillary by
the presence of basement membrane and peri-
cyte. An erythrocyte was also found in the
lumen.

The present electron microscopic observation
revealed that blood capillaries, along with
collagen fibers, entered deep into the well-
developed smooth muscle layers of bovine
mesenteric lymphatics. The distribution of
blood capillaries in lymphatic walls may be
much more widespread than has so far been
believed. The presence of vasa vasorum with-
in the media may reflect the relatively high
oxygen requirements of the lymphatic smooth
muscles and the relatively low oxygen supply
from the lymph flowing through the lympha-
tic vessel. An ample supply of oxygen will be
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Fig. 1 Spontaneous electrical and mechanical activi-
ties of bovine mesenteric lymphatics recorded by
means of the sucrose gap technique. Upper and
lower tracings are action potentials and isometric
phasic contractions, respectively. Broken lines
indicate zero tension level.

Fig. 2 Transverse section of a blood capillary found
within the internal longitudinal smooth muscle layers
(x5000)
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required to maintain rhythmic contractions,
which act as a driving force for the propulsion
of lymph (4). The amount of oxygen in lymph
and the rate of flow in lymphatics are extre-
mely low compared with those in arterial
blood and in arteries (5). Hence, it may be
comprehensible from the teleological point

of view that the presence of blood capillaries
within the well-developed smooth muscle
layers is essential for bovine mesenteric
lymphatics to maintain vigorous spontaneous
activity. We have also found blood capillaries
within the smooth muscle layers of the ca-
nine ureter and portal vein which were known
to have spontaneous rhythmic contractility.
Blood capillary has been rarely found in the
media of bovine mesenteric arteries.
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Excerpta Medica Travel Award 1979

The Trustecs of the Excerpta Medica Foundation
announce with great pleasure that applications may
now be submitted for their Travel Award for 1979.
The Award, which lasts for a period of three months
and covers travel and hotel costs, is open to all cat-
egories of medical specialists. However, only candi-
dates born during or after 1943 will be considered.
If married, the recipient may also be accompanied
by either husband or wife. The closing date for the
receipt of applications is Ist March 1979. People
wishing to be considered for this Award should
write to:

Mr Kenneth Ellison Davis

Travel Award Office

Excerpta Medica Foundation

P.O. Box 1126

1000 BC Amsterdam

The Netherlands

enclosing:

a. Curriculum Vitae (plus a recent photograph).

b. List of publications, plus reprints.

¢. Two letters of recommendation.

d. A statement of approximately 250 words indi-
cating how the Award would be used.

The Award will be conferred upon the recipient at
a formal ceremony to be held in The Netherlands
at an appropriate date in 1979.

Previous recipients of the Excerpta Medica Travel
Award:

1973 — Robert W. Rodieck, M.Sc., Ph.D.

lately Rcader in Physiology, Department

of Physiology, Faculty of Medicine, The

University of Sydney, Sydney, New South
Wales, Australia.

Erik Juhl, M.D.

Head of the Liver Unit, Division of Hepa-
tology, Medical Department, Copenhagen

Kommunes Hospital, Hvidovre, Denmark.

Robert H. Anderson, B.Sc., M.D., M.R.C.
Path.

Reader in Cardiac Morphology, Cardiotho-
racic Institute, Brompton Hospital, The
University of London, London, United
Kingdom.

1975 —

1977 —
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