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Summary 

The ligation of the thoracic duct and of the hepatic 
lymph vessels leads in the rat to a decrease of bile 
flow and bile salt output. Bilirubin excretion was 
temporarily reduced both in lymphostasis and in 
sham operated animals, but bilirubin concentration 
in the bile rose progressively and after 3 hours bili
rubin output returned in both groups to the control 
level. 

Acute occlusion of the lymph vessels of an 
organ leads to the accumulation of protein 
rich fluid in the tissue spaces, increase of in
terstitial fluid pressure and to alterations of 
tissue metabolism and function (16). The ob
struction of the lymphatic drainage of the 
liver is followed by fluid accumulation in the 
Disse's and Mall's spaces, interstitial oedema, 
widening of open intercellular junctions of 
the lymphatic endothelium, vacuole forma
tion in the liver cells, distension of the bile 
canaliculi and alterations of the rnicrovili. 
Hepatic blood flow decreases and there are 
biochemical alterations revealed by the accu
mulation of enzymes of hepatic origin in the 
circulating blood (2, 9, 10, 12, 13, 14, 17). 
The above changes in chemical composition, 
anatomical organisation, perfusion, etc. may 
lead to alterations in the function of the or
gan. In the present experiments the effect of 
acute hepatic lymphostasis was studied on 
bile flow and bile salt and bilirubin excretion 
in the rat. 

Material and Methods 

The experiments were done on male CFY 
rats with a body weight of 300 to 420 g un
der ether anaesthesia. The common bile duct 

was approached by a midline abdominal inci· 1 

sion. The duct was divided and cannulated. 
Atraumatic sutures (0/4) were introduced 
around the hepatic lymph vessels and the hi· 
Jar lymph node. A longitudinal incision was 
made at the left side on the base of the neck. 
After the collection of control bile samples 
the sutures around the hepatic lymph vessels 
and lymph node were knoted. Consequently 
the thoracic duct was approached: the jugular 
vein was pushed laterally and the carotic arte· 
ry pulled upward. The left clavicle was exar· 
ticulated and by this means the arch of the 
thoracic duct, which lies in the rat behind an~ 
below the clavicle could be visualised. In somt 
animals the thoracic duct could be ligated di· 
rectly in others the lymph vessel could be OC· 

eluded only by a bulk ligature placed around 
the clavicle and the cervical part of the duct. 
The bile was collected after the occlusion of 
the lymphatics in 3 one hour periods. In the 
sham operated animals the same protocol was 
adopted, except that the ligatures around the 
lymphatics were not tightened. 

Total bile acid concentration in bile was meat 
ured by a modification of the enzymatic me~ 
od of Murphy et al. (15). Bilirubin concentra· 
tion was estimated with the diazo reagent. Th 
statistical analyses were made with the paired 
t test. 

Results 

After the ligature the lymph vessels in the li· 
ver hilum, which were previously barely visibk, 
became greatly distended and filled with a 
clear fluid. In these animals there was a mark· 
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Fig. 1 Bilirubin fluxes (J.Lg/hrl in the 
mt before and after ligation of the he
patic lymph vessels 

ed and significant (p < 0.01) decrease of bile 
flow. In the 19 animals with lymphostasis 
bile output decreased in the first hour after 
the intervention by 40 %, from 0.91 to 0.56 
ml. ln the 7 sham operated animals there 
was only a non significant 16 % decrease. 

' Bile salt concentration in the bile decreased 
in lymphostasis markedly. In the 3rd hour it 
was only 53 % of the control value (p < 0.01). 
In the sham operated animals bile salt concen
tration was in the same period 89 % of con
trol (p > 0.05). On the other hand, bilirubin 
concentration increased both in lymphostasis 

' and sham operated animals. In lymphostasis 
its biliary concentration was more than doub
led, in the controls there was only a moderate 
40 % rise (Table 1). As a consequence bilirubin 

Fig. 2 Bile salt fluxes (J.Lmol /hr) in the 
rat before and after ligation of the he
patic lymph vessels 

f'moljtr 

16 

Bile pigment excretion in lymphostasis 

~ /yrrphos tasis 

0 sham ~ion 

excretion, which decreased after the interven
tion significantly in both groups returned dur
ing the 3 hr observation period to the control 
value (Fig. 1). In lymphostasis bile pigment ex
cretion was in the 3th hour even slightly high
er (p > 0.05) than in the control period. On 
the other hand total bile salt excretion de
creased markedly (in the 3rd hour by 72.5 %) 
after the occlusion of the lymph vessel (p < 
0.001). The moderate decrease of bile salt 
output Qbserved in the sham operated group 
(34 %) was on the borderline of statistical sig
nificance (p - 0.05) (Fig. 2). 

Discussion 

In the cat the occlusion of tl1e lymph vessels 
in the liver hilum produces a marked lymph-

Bile salt excretion in l~hostasis 

0 lymphostosi s 
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oedema (2) . ln the rat , however, the ligati~r 
of the lymphatics accompanying the portal 

N (0 vein does not produce lymphostasis (5). lt 
~ N 

was shown in the dog that about 70 % of tre c:i c:i 
+t +t 

hepatic lymph is drained by the vessels arour: ... Ol 0 
.J::. <t CX! 
(') c:i 0 the portal vein the rest flows in the lymplu· 

Ol (') tics leaving the organ with the hepatic veiru 
E "! N and joining the thoracic duct (18) . There art 1 0 c:i 
~ 

+I +t no quantitative data about the directions of N (') 0 
0 ~ CX! hepatic lymph flow in the rat, but by ligatiq ~ 0 0 
~ Ol Ol both the thoracic duct and the lymph vesseh 
al "! N 

0 c:i along the portal vein presumably an almost +I +t 
(0 (0 

complete obstruction of the lymphatic draiJJ. ~ al 
0 c:i age of the liver can be attained. This was 

g Ol ,.... ftrmed by the marked distension of all visibi 
C'l 

c:i lymphatics observed immediately after the c: 0 
0 +t +I 
u Ol completion of the surgical interventions. Tht Ol Ol 

0 0 rapid development of lymphostasis is explaint: 
~ 

,.... by the high and constant rate of lymph fo!lli 
~ 

c:i 
tion in the liver. Consequently the changes ... 

+t +t .J::. 
C! ltl liver function, i.e. the decrease of bile produ; (') cri § (0 tion appear also very early , already in the fir; 
Ol C'l hour of lymphatic obstruction . The marked 
cri 

~ 

N 
decrease in bile flow may be a consequence +t +t 

N C! 
E ~ cri of decreased bile salt secretion. In the rat 11 ,.... ltl 
0, apparently linear relation has been demon· 

::1. 
strated between bile acid excretion rates ana c: (') 

:0 ~ C'i 
canalicular bile flow (3 , 4). Considerable evr a; (0 ~ 

.~ +t +t 
N dence has, however, accumulated, that as 

al r...: Lri 

~ 
<t <t much as 60 % of canalicular secretion in SOIIt 

~ e ~ C! species may be formed independently ofbil: 
0 0 ~ salt transport ( 4 , 6, 19), but in the present ~ .... ~ 

c: +t +t 
experiments the decrease of bile output Wll 1j 0 (') ,.... 

c: u cri cri "' both in lymphostasis and in the sham open!· c: 
(') <t 

0 ed animals nearly parallel to the decrease of ·;:; 
·;;; 

bile salt secretion. Because of the rapidity o: 0 
0. C'l N 
E ..c N c-i the reaction the decrease of bile acid outpll! 
0 (') +I +I 

is probably due to some disturbance in the " (0 

~ cO C'i transport process of the bile salts across the :.0 
c: 

] (') <t hepatocytes and in their secretion into the 
0 c-i -"' "' 0 N +t ,.... ... canaliculi and not in the synthesis and con~ ·;;; 

n :::i "' ~ cri gation or in the enterohepatic circulation (J t; 
0 ::1. c:~ 

7). Bile salt secretion seems to be somewha! • .J::. "' 0. .... 
"' E ll: <;; depressed already by the surgical interven· 

~ Ol Eoo 
~ 

~ ·c N tions for the occlusion of the lymph vesseli 
0 al +t <0 +I 

<t 1::1": There is, however, a signiftcant difference be-u cri CIJN 

.!? :;;~ tween the sham operated animals and the 
w Q; 

mals with acute lymphoedema of the liver.!' 0. 
N O"! g C'i E'.;l can be concluded that hepatic lymphostasis 

1 ., +t 

:0 c: N "'" reduces by some mechanism , which remairu 
8 tO .J::. • 

~ u<t 
~ Ul~ unclear bile salt secretion and consequently 

the rate of bile flow. 



Permission granted for single print for individual use. 
Reproduction not permitted without permission of Journal LYMPHOLOGY.

nd 

g 

1-

l 
ta· 

' .-
st 

The Effect of Lymphostasis on Bile Flow and Composition in the Rat 85 

The transitory decrease in pigment excretion 
seems to be solely the consequence of the sur
~cal interventions. A similar decrease was ob
served in the 1st hour both in Iymphostasis 
and in the sham operated group. In both 
groups there is, however, a progressive increase 
in biliary bilirubin concentration. Consequent
ly, bilirubin output returns in the 3rd postope
rative hour to the control level. 

Bilirubin glucuronide is rapidly excreted in 
the rat by an energy-dependent cell excretory 
process into the bile (8). Bile canaliculi seem 
to be the anatomical site of the excretion but 
the identity of bilirubin and bile salt excretion 
site does not involve a common excretory me
chanism. A multiplicity of excretory mechan
ism was demonstrated in man (1) and in sheep 
(ll) and in the present experiments, the dif
ferences in the reaction of lymphostasis speak 
again in favor of different excretory mechan
isms. 

References 

Alpert, S., M. Mosher, A. Shanske, I.M. Arias: 
Multiplicity of hepatic excretory mechanisms 
for organic anions. J. Gen. Physiol. 53 (1969) 
238 
Babies, A., M. Foldi, F. Renyi-Vamos, G. Rom
hdnyi, I. Rusznyak, G. Szabd: Das Lymphgefal.\
system der Leber und seine pathologische Bedeu
tung. Acta med. Acad. sci. hung. 7 (1955) 261 
Boyer, J.L. : Canalicular bile formation in the 
isolated perfused rat liver. Am. J. Physiol. 221 
(1971) 1156 
Boyer, J.L., G. Klatskin: Canalicular bile flow 
and bile secretory pressure: evidence for a non
bile salt dependent fraction in the isolated per
fused rat liver. Gastroenterology 59 (1970) 853 
Cain, J.C., J.H. Grindlay, J.L. Bollmann, E. V. 
Flock, F.C. Mann: Lymph from liver and thora
cic duct. Surg. Gynec. Obst. 85 (1947) 558 

6 Erlinger, S. , D. Dheumeaux, P. Berthelot, M. Du
mont: Effect of inhibitors of sodium transport 
on bile formation in the rabbit. Am. J. Physiol. 
219 (1970) 416 

7 Erlinger, S. , D. Dheumeaux: Mechanisms and con
trol of secretion of bile water and electrolytes. Gas
troenterology 66 (1974) 281 

8 Fleischner, G., I.M. Arias: Recent advances in bili
rubin formation, transport, metabolism and excre
tion. Amer. J. Medicine 49 (1970) 675 

9 F6ldi, M.: Lymphgefal.\system und Leber: Funk
tioneUe und pathologische Zusammenhiinge. Le
ber-Magen-Darrn 4 (1974) 174 

10 Gerlach, K. , H. Themann, T.O. Zoltan: Untersu
chungen des Leberstoffwechsels bei experirnen
tellen Storungen der Lymphzirkulation. In: Ikte
rus (Ed.: K.Beck), p. 58. Thieme, Stuttgart 1968 

11 Gutstein, S., S.Aipert, I.M. Arias: Studies of he
patic excretory function. IV. Biliary excretion of 
sulfobromophthalein sodium in a patient with the 
Dubin-Johnson syndrome and a biliary fistula. 
Israel J. Med. Sci. 4 (1968) 36 

12 Lie, T.S., A. Holst, A .Kawamura, S. Y. Choo, P. 
Oehr: Lymphostasis of the liver and its clinical 
significance Proc. X. Internal. Congr. Angiology, 
p. 153, Tokyo 1976 

13 Lie, T.S. , W. Noh/, H. Nakano , H. Ebata, P. Huth: 
Lymphostatische Hepatopathie. Leber-Magen
Dann, 6 (1976) 212 

14 Magari, S. : Cellular reactions in experimental 
lymphostasis. Proc. X. Internal. Congr. Angology 
p. 45, Tokyo, 1976 

15 Murphy, G.M., B.H. Billing, D.N. Baron: A fluo
metric and enzymatic method for the estimation 
of serum total bile acids. J. clin. Path. 23 (1970) 
594 

16 Szabd, G.: The functional consequences of lym
phostasis in the visceral organs. Proc. X. Internal. 
Congr. Angiology, p. 42, Tokyo 1976 

17 Szabd, G., F. Jakab, I. Sugar: The effect of the 
occlusion of liver lymphatics on hepatic blood 
flow. Res. exp. Med. 169 (1976) 1 

18 SzabO. G., Z. Magyar, F. Jakab: Lymphatic drain
age of the liver capsula and hepatic parenchyma. 
Res. exp. Med. 166 (1975) 193 

19 Wheeler, H.O., E.D. Ross, S.E. Bradley: Canalicu
lar bile production in dogs. Am. J. Physiol. 214 
(1968) 866 

Dr. Gy6rgy Szabd, Traumatological Research Unit, Budapest 1445. POB 370 




