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Plasminogen activator in bile during extracorporeal
perfusion of pig liver
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SUMMARY Plasminogen activator activity was studied in bile and perfusate during extracorporeal
pig liver perfusion. Plasminogen activator activity in bile was up to 58 times greater than inperfusate.
A high level of plasminogen activator activity in bile was also found after the addition of urokinase
to the perfusate. These results suggest that bile is the main route of active excretion of plasminogen
activator and urokinase from the liver in experimental liver perfusion.

Clinical and experimental data suggest that the liver
is an important clearing site for plasma plasminogen
activator (Kwaan, McFadzean, and Cook, 1957;
Fletcher, Biederman, Moore, Alkjaersig, and Sherry,
1964; Kulapongs and Bachmann, 1968; Januszko,
1969). The mechanism of this clearance is unknown,
although there is some evidence that urokinase, when
added to the circulation in rat liver perfusion, is
cleared in the bile (Kulapongs and Bachmann, 1968).
In this paper we present the results of investigations
of plasminogen activator in perfusate and bile
produced during extracorporeal perfusion with pig
liver.

Techniques and Methods

The liver was perfused using the same technique
as in clinical liver perfusion (Parbhoo, Kennedy,
James, Chalstrey, Ajdukiewicz, Brock, Xanalatos,
Sayer, and Sherlock, 1971), except that no con-
nexion was made to a patient. The perfusion
apparatus was designed to provide optimum con-
ditions for the function of the isolated liver for at
least eight hours. Approximately 2.5 litres of human
blood or bloodless perfusate were used in each
experiment.

Plasminogen activator activity in plasma and bile
was studied during four perfusions. The first two
perfusions were performed under standard condi-
tions. In the third perfusion, urokinase (Leo Lab.
15,000 Ploug units) was added to the perfusate one
hour after starting perfusion. A bloodless perfusate
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(balanced, buffered, oncotically normal electrolyte
and dextran solution) was used instead of blood
in the fourth perfusion to assess the effect of hepato-
cellular damage.

Fibrinolytic activity was measured using the
euglobulin test and the fibrin plate method. The
euglobulin test in plasma was carried out according
to the method of Januszko and Dubinska (1965),
the plasminogen activator activity being expressed
as units per ml derived from the formula 1 300/t
where t is the euglobulin lysis time in minutes.
The experimental procedure for the estimation of
plasminogen activator in bile was as follows: double
dilutions of 0.5 ml of bile were made in 0-5 ml of
normal saline, dilutions ranging from 1:2 to 1:64.
One ml of standard human plasma was added to
each test tube. The control tube contained 1 ml of
standard human plasma and 0.5 ml of normal saline.
Euglobulins were prepared separately from each
sample (containing a mixture of bile and standard
plasma) according to the above mentioned method.
Plasminogen activator activity was calculated from

1300
the formula P.a a. = ,, where t is the euglobu-

lin lysis time in minutes. The plasminogen activator
activity of each euglobulin sample was compared
with that of the standard plasma and the mean value
of plasminogen activator activity per ml of bile was
calculated using sample dilutions 1:4-1:32. The
procedure for determining plasminogen activator
in the bloodless perfusate was that used for the
estimations in bile.

In order to exclude the possibility that lysis was
partly due to bile salts, unheated, calcium-containing
fibrin plates (0-2 % fibrinogen) were prepared
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(Fleming and Norman, 1960). These plates are
resistant to the direct lytic action of bile salts.
We found no lysis when incubating pig bile obtained
from the common duct on heated plates. There was
also no lysis when heated bile (85°C for 30 minutes)
was incubated on either heated or unheated fibrin
plates. The effect of bile salts in the bile was tested
in the euglobulin test by the fact that euglobulin from
standard human plasma plus bile did not cause
lysis on heated fibrin plates. These findings proved
that lysis, which occurred only on unheated fibrin
plates, was due to plasminogen activator activity.
The area of lysis on unheated fibrin plates ranged
from 150 to 250 mm2 using pig bile obtained from
the common duct. These results corresponded to
17-40 units in the euglobulin test.

Results

There was close correlation between the results of
the fibrin plate method and the euglobulin test.
We found it more convenient to express the results
using the euglobulin test and therefore only the
results obtained by this method are presented here.

Plasminogen activator activity per ml of bile
ranged from initial values of 7 to 70 units to peak
values of 580 to 980 units) As the bile flow fluc-
tuated throughout perfusion, the total activity in
each collection period was calculated in order to
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give a better measure of overall activity of plas-
minogen activator. This was done by multiplying the
activity of plasminogen activator in units per ml of
bile by the volume of bile secreted in each 30- or
60-minute collection period. Half-hourly and hourly
values are shown in Figures 1 and 2.

In experiments 1 and 2 (Figs. la and b) peak bile
flowoccurred between the second and fourth hours of
perfusion. Total plasminogen activator activity in
each collection period increased from initial values
of 8 and 62 units to peak values of 2,540 and 6,090
units during the fourth and fifth hours of perfusion.

In experiment 3 (Fig. lc), in which urokinase was
used, the secretory pattern of plasminogen activator
was similar to that in experiments 1 and 2. However,
the peak level, as well as the overall amount of
plasminogen activator excreted into the bile through-
out the perfusion was greater than that in experiments
1 and 2.

In experiment 4 (Fig. 2) very little bile was pro-
duced and only a small amount of plasminogen
activator was excreted into the bile, with a peak out-
put at 60 minutes.

In Fig. 3, activity of plasminogen activator in
plasma (experiments 1-3) and in the bloodless
perfusate (experiment 4) is shown. As can be seen
on this graph, the peak of plasma activity of plas-
minogen activator occurs in the first 30 minutes of
perfusion and falls rapidly in the next 30 minutes,
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Fig. 1 Total plasminogen activator activity in bile and bile flow.
Fig. la-b Perfusion with blood (experinments 1-3)
Fig. lc Urokinase (15,000 Ploug inits) added at 60 minutes.
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Fig. 2 Total plasminogen activator activity in bile
bile flow: perfusion with electrolyte and dextran sol
(experiment 4).

returning gradually to pre-perfusion levels then
There is an additional peak in experiment 3 due
addition of urokinase. In experiment 4 there ws
a peak in the first 30 minutes, but activity de
rapidly and was undetectable after one hour.

A. Jedrychowski, S. P. Parbhoo, and P. Hillenbrand

Discussion-10

In our previous perfusions we found that the increase
in plasma plasminogen activator activity during the
first hour of perfusion was due to the release of
plasminogen activator from the liver (probably from
the blood vessels). It is then rapidly cleared by the

5 liver and it has been shown that its removal via0
it the ascitic fluid and lymph is insignificant; the
X plasminogen activator activity in these fluids was
W lower than in plasma (unpublished data). However,

in the present study, when the peak values of plas-
minogen activator activity are compared (Table),
its activity in bile produced during perfusion was up

OG to 58 times greater than the plasma activity. Further-
more, in experiment 1, plasma plasminogen activator
activity was higher than in experiment 2, and
plasminogen activator in bile was also correspond-
ingly higher in the first experiment than in the

and second. These results suggest that bile is the main
!ution route of active excretion of plasminogen activator

from the blood.
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Fig. 3 Perfusate plasminogen activator activity
(experiments 1-4): urokinase 15,000 Ploug units added
at 60 min in experiment 3.

No. of Experiment Plasminogen Activator (u/ml)

Perfusate Bile

1 22 977
2 10 580
3 171 980

592
4 5 50

Table Peak values ofplasminogen activator activity in
perfusate and bile during extracorporeal pig liver perfusion
'Peak value before adding urokinase to perfusate
'Peak value after adding urokinase to perfusate

It is unlikely that the increase in plasminogen
activator activity in the bile is due to hepatocellular
damage during perfusion, as activity declines in the
later stages of perfusion. This view is supported by
the findings in experiment 4, when, after a bloodless
perfusion, very little plasminogen activator was
excreted into the bile from the ischaemic liver.
The results of the experiment with urokinase

(Fig. lc) also indicate that there is active excretion
of plasminogen activator in the bile. There was an
increase, compared with experiments 1 and 2, in both
the peak activity of plasminogen activator in bile
and in the overall amount of plasminogen activity.
Fibrinolytic activity in bile after the addition of
urokinase to the circuilation was investigated by
Kulapongs and Bachmann (1968) in an isolated rat
liver perfusion system. These authors found a two-
to three-fold increase in fibrinolytic activity in bile
compared with the perfusate, whereas in our experi-
ments there was a 16-fold increase.

56

100 -

00 -

k_ 60-

,'X O O-
' 20_-

0-

b..

0

Yb

Qj...

.7

0

1
1
1
9
1
1
9
a

a
1
a
1
a
-A

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.13.1.54 on 1 January 1972. D

ow
nloaded from

 

http://gut.bmj.com/


Plasminogen activator in bile during extracorporeal perfusion ofpig liver 57

As can be seen in Figs. la-c, the peaks of bile flow
and ofplasminogen activator activity do not coincide.
This strengthens the evidence for active excretion of
plasminogen activator in the bile and suggests that
its excretion is unlikely to be simply a washout
phenomenon.

Plasminogen activator has been found in the bile
of animals and man (Kulapongs and Bachmann,
1968; Fleming and Norman, 1960; Hata, 1967;
Oshiba and Schoenfield, 1970). However, there has
been little work investigating the significance of
the biliary system in the hepatic clearance of plasma
plasminogen activator. From the data in this study
it may be concluded that plasma plasminogen
activator and urokinase are preferentially excreted
into the bile and that biliary excretion is therefore
an important mechanism in the removal of plasmin-
ogen activator from the circulation. The presence of
plasminogen activator activity in bile suggests that
plasminogen activator may play a part in maintaining
the patency of the bile ducts. Further studies are re-
quired in man to determine the extent and signifi-
cance of excretion of plasminogen activator in bile.
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