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In situ observations of spontaneous contractions of the peripheral lymphatic vessels in the rat mesentery: Effects 
of temperature 
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Summary. By means of an intracellular glass microelectrode, action potential changes were successfully recorded in situ from the 
endothelial ceils of  rat mesenteric lymphatics over the temperature range of  27-40 ~ The frequency of  action potential and the 
lymphatic contraction rate correlated well with temperature. 

The lymphatic circulation system provides an important route 
for mass transfer through which several substances such as flu- 
ids, proteins and large particulate matter are exchanged be- 
tween interstitial spaces and the blood circulation. A well 
known controversy about aspects of the endothelial pathway 3 
for the transport of  substances through the endothelial wall 
has attracted considerable attention to the dynamics of  the 
blood to lymph mass transfer. A number of experimental stud- 
ies have been performed with respect to the dynamics of lym- 
phatic contraction and lymph tansport 4m. Although many in- 
vestigators have made efforts to measure lymph flow, pres- 
sure 7, and endothelial permeability 8 etc., few inferences have 
been made as to the mechanisms of lymphatic contraction, 
which undoubtedly affect lymph transportation and mass 
transfer. On the other hand, since the early work of Mislin 9, 
contractile phenomena in a segment of  lymphatic vessel, (the 
'lymphangion'), have been extensively studied from both the 
structural and functional viewpoints ~~ using both in vitro and 
in situ preparations (for review see MislinU). The present study 
attempts to elucidate the interrelationships between dynamic 
behavior and contractile mechanisms of microlymphatic ves- 
sels by using the intravital microscope technique. This paper 
reports an attempt to investigate the electrophysiological evi- 
dence for the contraction of peripheral lymphatic vessels ob- 
served in situ in the rat mesentery. In addition, the relevance of 
contraction to the dynamics of the microlymphatic vessels at 
different temperatures was investigated. 
Materials and methods. Experiments were performed on white 
Wistar rats of either sex with body weights ranging from 150 

to 250 g. Anesthesia was induced with sodium pentobarbital 
(50 mg/kg), and the animals were tracheotomized. An indwell- 
ing catheter was placed in the left common carotid artery to 
monitor arterial blood pressures. The mesentery was exteri- 
orized by a common procedure detailed elsewhere ~2. A section 
of the mesentery having clearly identifiable, contracting lym- 
phatic vessels of 30-200 gm in diameter was placed in a perfu- 
sion chamber on the stage of an Olympus intravital micro- 
scope 13. The mesentery was continuously perfused with Ty- 
rode's solutions of constant temperatures (27, 30, 33, 37 and 
40~ pH 7.4). During each experiment, the dynamic courses 
of contraction and relaxation of the peripheral lymphatic ves- 
sels were continuously visualized by a television camera 
mounted on the top of an intravital microscope, and recorded 
by a VTR. The contraction rate, i.e. frequency of contraction, 
and changes in internal diameter at several temperatures of the 
perfusing solution were measured by replaying video-tapes. 
In a separate series of experiments, the transmembrane poten- 
tials of endothelial cells of the peripheral lymphatic vessels at 
the above mentioned temperatures were also measured in situ, 
with intracellular microelectrodes. Glass microelectrodes (filled 
with 3 M potassium chloride; 60-100 M~)  were inserted into 
endothelial cells of lymphatic vessels of 100-120 ~m in diame- 
ter, through a 10-mm hole perforated in a plate laid over the 
mesentery. The electrode was flexibly mounted on the lym- 
phatic vessel ~4, and the insertion of the electrode was carried 
out under a binocular microscope. 
Results and discussions. In mesenteric preparations, the lym- 
phatic contraction mechanism seemed to be myogenic in ori- 
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Figure 1. Effect of temperature on internal diameter of lymphatics. 
Measurements of internal diameter from 3 lymphatics were plotted. 
Open symbols represent measurements of internal diameter in the most 
dilated state and closed symbols in the most contracted state for any 
given lymphatic vessels. 
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Figure 2. Effect of temperature on the contraction rate of peripheral 
lymphatics (pH 7.4; temperatures: 27, 30, 33, 37 and 40~ 
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ginn. In  mos t  experiments  changes in the lymphat ic  d iameter  
were not  significantly altered in the tempera ture  range studied 
(fig. 1). However ,  contract ion rates were found to increase lin- 
early with increase in temperature ,  and a significant correla- 
tion was found between the contract ion rate and tempera ture  
(fig. 2). During these observations,  arterial b lood pressures re- 
mained almost  unchanged.  
In a previous paper  ~5, we proposed  that  lymphatic  contract ion 
indices are a quant i ta t ive measure  o f  the dynamics  of  contrac-  
tion; 
Index I = (b2~z2)/b 2 
Index II = a-(b2~z2)/b z, 
where a is contract ion rate, b is internal d iameter  at the most  
dilated state and c is internal diameter  at the most  contracted  
state. Thus, Index I is considered to represent  a lymphat ic  frac- 
tional contract ion in cross sectional area. While Index II, 
which is a product  o f  Index I and the contrac t ion  rate, is a 
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Figure 3. Lymphatic contraction indices plotted against the internal dia- 
meter of lymphatics measured at its standstill state, a Index 1; b In- 
dex [I. 
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Figure 4. Recordings of transmembrane potential changes obtained in 
situ, from endothelial cells of peripheral lymphatic vessels immediately 
before contraction. Diameter of the lymphatics was 105 gm. Horizontal 
lines indicate the 0 mV level. In this case, resting potentials were -25 
mV (27~ -25 mV (30~ 26 mV (37~ and -28 mV (40~ 
Action potentials were +42, +40, +40, and +42 mV, and durations 
were 550, 310, 150, and 80 msec, respectively. Measurements were made 
in Tyrode's solution containing (raM) Na +, 147; K +, 4; C1, /33.4; 
HCO3-, 22; HzPO 4 , 0.7; Ca 2+, 2; glucose, 5 at pH 7.4, gassed with 
95% 02-5% CO 2. 

measure  of  overall lymphat ic  contracti le activity. Figure 3 il- 
lustrates the effect of  tempera ture  on these lymphat ic  contrac-  
tion indices est imated from the measured values o f  internal 
diameters o f  lymphatics.  It is evident that  no significant differ- 
ences in the values o f  Index I were found with change in tem- 
perature  between 33 and 40~ On the o ther  hand,  as can be 
seen in figure 3b, Index 1[ showed a significant increase with 
increasing temperature  within all d iameter  ranges studied. As 
is evident from the definit ions o f  both  indices, these differences 
must  be at t r ibuted to the difference in contrac t ion  rate. These 
results seem to suggest that  some 'autoregula tory '  mechanism 
works  to keep the fractional cont rac t ion  in cross sectional area 
cons tant  particularly in microlymphat ics  over 70 gm in diame- 
ter, and that  the overall activity o f  lymphat ic  contract ion is 
affected solely by the contract ion rate. 
Etectrophysiological  studies revealed tha t  all the endothelial  
cells in the contract ing regions o f  the peripheral  lymphat ic  ves- 
sels showed a negative resting membrane  potent ial  against  the 
external solut ion (mean: - 2 6  �9 2.3 mV; n - 52). Mos t  o f  these 
cells fired spontaneous  action potentials  which followed a slow 
depolarizat ion,  as shown in figure 4. These action potentials  
were recorded immediately before the lymphat ic  contract ion.  
The ampl i tude  o f  the action potentials showed almost  the same 
value at the 4 temperatures  studied,  ranging from 20 to 42 mV 
(mean: 37 :t: 2.9 mV; n = 50). However ,  the dura t ion of  act ion 
potentials  was pro longed with decreasing temperature .  The in- 
crease in tempera ture  caused contrac t ion  rates to rise, and to 
increase the frequency o f  the action potentials.  Frequencies o f  
the potent ial  were correlated well with temperature.  The tem- 
perature coefficient, Q~0, calculated f rom the results presented 
in figure 4 was found to be 3.9-4.1, which is in good agreement  
with the repor ted  values o f  2.6-4.6 by Mislin ~~ 
Prior  to this study, there had been no in situ measurements  of  
the t r ansmembrane  potent ial  using glass intracellular micro- 
electrodes H, correlated with the effect o f  temperature  on the 
frequency of  spontaneous  contract ion.  The present  study 
shows that  the changes in dynamic propert ies  of  the lymphat ic  
endothelial  cells with temperature  are controlled by altering 
the rate of  contract ion rather than the diameter  o f  the periph- 
eral lymphat ic  vessels. In addit ion,  the electrical activity o f  
these cells directly controls  the rate o f  contract ion.  
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