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In experiments previously reported [13], in which the toxic effect of the pancreatic 
juice was studied, an intravenous administration of large amounts of the juice was 
found to induce death of the animal with symptoms of hemorrhagic diathesis. 
This finding prompted us to investigate in detail the changes in the coagulation 
system induced by the pancreatic juice circulating in the blood.

Materials and methods

The experiments were performed with 25 mongrel dogs weighing from 14 to 20 kg. Group I 
consisted of 10, group II — of 8, and group III — of 7 dogs. In the first group (control) the coagu­
lation system was examined in absolutely healthy dogs to obtain average standards of blood coagu­
lation.

Experiments of group II were aimed at investigation of the coagulation system under a conti­
nuous intravenous supply of inactive pancreatic juice, i.e. juice contained in the pancreatic ducts 

and not in contact with the duodenal mucosa. The end portion of the pancreatic duct together 
with the papilla was inserted into the vena cava inferior (Fig. 1); in this way the total amount of 
juice produced by the pancreas passed directly into the circulation.

To determine disturbances in the coagulation system after administration of active pancreatic 
juice, in experiments of group III, the pancreatic duct was inserted into the vena cava inferior 
together with a 2-cm. segment of the duodenum (Fig. 2); in this way, owing to contact with the 
duodenal mucosa, activated pancreatic juice passed into the circulation.

[109]
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In animals of all groups the following tests were performed at 2-day intervals:
1. Whole blood clotting time by the Lee White method.
2. Calcium clotting time.
3. Plasma thrombin time. Thrombin was used diluted to a concentration which, with the donor’s 

oxalated plasma, gave coagulation time equal to 15 sec. in the system: 0.2 ml. plasma +0.1 ml. 
thrombin.

4. Fibrinogen by the Quick method [12].
5. One-stage prothrombin time by the Quick method [11] as expressed by the prothrombin index.
6. Factor VII by the method introduced by Koller et al. [3].
7. Factor V by the Wolf method [16].
8. Whole clot lysis by the method described by Kopeć and Niewiarowski [4].

The result was expressed as percentual loss of fibrin after 24-hour incubation of the clot at room 
temperature.

9. Euglobulin lysis time by the method developed by Kowarzyk and Buluk [6]. The results
were expressed as the euglobulin index =---------------1000

fibrinolysis time in min.
10. Plasminogen by the method of Kowalski, Latallo, and Niewiarowski [5]. The results were

time of lysis of the clot with the donor’s plasma.
expressed as the plasminogen index =  ------ ——■.---- —;;------- ------ ------------------------------

time of lysis of the clot with the plasma investigated
11. Antiplasmin by the method of Niewiarowska and Węgrzynowicz [8]. The results were

time of lysis of the clot with the plasma investigated, 
expressed as the antiplasmin index =------- —j-r—?----- r-=—;s;;--------------time of lysis of the clot with the donor s plasma

12. Immediate antithrombin according to Niewiarowski and Kowalski [9].
13. Erythrocyte count.
14. Platelet count.

Results

The survival time of dogs in group II amounted on the average to 8 days and in 
group III to 2—4 days, and was probably related to the activity of the pancreatic 
juice secreted. This was manifested by an increase in the level of pancreatic juice 
enzymes in blood: diastase up to 16.384 u. (normal level 128 p.), lipase up to 6.0 ml. 
of 0.05 NaOH (normal level up to 0.5 ml.), and the proteolytic activity up to 46 
gamma (normal up to 10 y). Changes in the coagulation system appeared as early 
as the first day of observation and then increased gradually. The average values 
of these changes on the last day of life of the animal are presented in the Table.

In animals of group II the coagulation time of blood and plasma after recalci­
fication was prolonged, with a co-existing tendency to coagulation in large blood 
vessels with slower circulation. Immediately after death, numerous clots could be 
found in both heart ventricles, forming casts of the ventricles. Similar changes 
were found to occur in the peripheral arteries and veins: the aorta, and the su­
perior, and inferior vena cava. The fibrinogen level gradually increased to reach 
its highest values before death. Prothrombin and proaccelerin deficiency was 
only slight, while the decrease in proconvertin level was highly significant. A slightly 
higher fibrinolytic activity was expressed by an 18 per cent loss of fibrin after 24- 
hour incubation, while fibrinolysis in euglobulins was highly inhibited with a disti­
nct increase in fibrinogen level. The lack of fibrinolysis activation occurred toge­
ther with higher plasminogen index and a considerable increase in antiplasmin 
titer.
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TABLE

Group I
(Healthy dogs)

1 Clotting time (3'30"/±42")
(3T0"—3'50")

2 Calcium clotting time 58"(±8")
(44"_62")

3 Thrombin time 15"

4 Fibrinogen mg./ml. 5.28 (±1.1)
(4.9—6.1)

5 Quick prothrombin 
index 100%(±1.8%)

-6 Factor VII —% of
normal level 100% (±1.7%)

7 Factor V — % of
normal level 100% (±1.5%)

8 Fibrinolysis in plas-
ma % of fibrin loss does not occur

9 Euglobulin fibrinoly­
tic activity Euglo- 19.2 (±1.8)
bulin index (18.2—22.2)

10 Plasminogen index 1.0 (±0.1) 
(0.98—1.1)

11 Antiplasmin index 1.0(±0.05)

12 Antithrombin VI 15"

13 Erythrocyte count 5.222.000 
(±118.000) 
(5.100.000)— 
—5.340.000)

14 Platelet count 265.740
(±5.640)

(258.000—
—273.000)

Group II Group III

19'47"( ± 6'10") 15'3O"/±8'3O
(10'30"—22') (7'-32')
138"(±2O") 122"(±40")
(75"—185") (108"—225")

16.5" (±1,0") no clot
(15" —17.5") small fibers
8.40 (±2.98) 
(6.0—13.2)

traces

76% (±3.1%) 48% (±3.9%)
(72%—79%) (26%-52%)

45% (±4.0%) 48% (±6.6%)
(32%—49.5%) (18%-56%)
92% (±1.6) 26% (±2.2%)
(91%—93%) (12%-28%)

18.5% (±2.0%) 100%
(12.0%-21%) total

4.1 (±1.1) 66.6(±3.1)
(3.8—4.9) ' (51.2-76.2)

1.5 (±0.15) 0.06 (±0.04)
(1.45—1.55) (0.04-0.1)
24.0 (±1.6) 1.09 (±0.06)
(21.5—26.0) (1.04—1.12)
13"(±0.5") 31"(±6")
(12" —14") (21"—33 j
4.540.000. 6.440.000

(±270.000) (±540.000)
(4.280.000— (5.87O.OOO
—4.880.000) -6.990.000)

195.200 123.440(± 11.560)
(±50.500) (111.000-
(143.640-
-204.300)

-139.900)

The results were entirely different in group III in which the active pancreatic 
juice was infused into the blood. In animals of this group open fibrinolytic diathesis, 
the lack of fibrinogen in the circulating blood, thrombin time infinitely long, and 
a decrease in prothrombin, factors V and VII and particularly factor V senstive 
to plasmin action, were observed. Small fibrin fibers precipitated by highly active 
thrombin from full plasma were, immediately digested, the time of lysis in euglobulins 
amounting to several minutes. Because of a very low amount of fibrinogen, it is 
difficult to draw any conclusions as to the true activity in euglobulins. A large 
-decrease in the plasminogen index also was evidence that this -proenzyme was 
consumed in the process of activation of the fibrinolytic system. No significant 
deviation in antiplasmin activity was observed in this group.
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Discussion

As is evident from the experiments just presented, in cases when inactive pancreatic 
juice was supplied directly into the circulation (group II) blood hypercoagulability 
continuous increase in fibrinogen, inhibition of fibrinolysis in euglobulins, an increase 
in the plasminogen index, and high antiplasmin titer could be observed. Such a high 
amount of antiplasmin seems to originate from the pancreatic juice. The prolonged 
time of blood clotting and recalcification might be due to passing into the blood 
of certain inhibitors or to a deficiency of other factors of the first phase of the coagu­
lation system.

In cases when active pancreatic juice passed into the blood (group III) the acute 
fibrinolytic diathesis was observed which was manifested by a lack of fibrinogen 
in the blood a decrease in prothrombin, factor V and VII, shorter time of lysis in 
euglobulins, total fibrinolysis in the full plasma, and a lower plasminogen 
index.

In the course of fibrinogen digestion by plasmin, products of partial fibrinogen 
degradation are formed, exhibiting properties of coagulation inhibitors: antithrombin 
VI and a factor inhibiting the formation of plasma thromboplastin [9], [10]. A higher 
rate of fibrinolysis could be concluded from the presence of immediate antithrombin 
in the plasma.

As the results presented indicate, changes in the coagulation system can be 
induced by enzymes of the pancreatic juice. This observation makes it possible 
to understand in some measure the disturbances in humans in the case of acute 
pancreatic necrosis, when large amounts of pancreatic enzymes pass into the blood. 
The clinical changes are accompanied by certain disturbances in the blood coagula­
tion system clinically manifested by hypercoagulability [14] or, in cases of prolonged 
necrosis of the pancreas, by a tendency to hemorrhages with a decrease in the level 
of prothrombin and fibrinogen [1], [15]. The disturbances are ascribed by some 
authors to the action of trypsin [2], [7].

However, the origin of an excess of antiplasmins, which is of high importance 
from the standpoint of hematology, remains to be explained by further studies.

Conclusions

1. Blood hypercoagulability and an increase in the level of fibrinogen and anti­
plasmins are induced by large amounts of inactive pancreatic juice passing directly 
into the circulation.

2. Fibrinolytic diathesis is induced by activated pancreatic juice passing into 
the circulation.

INSTITUTE OF EXPERIMENTAL SURGERY, POLISH ACADEMY OF SCIENCES, WARSAW
(ZAKŁAD CHIRURGII DOŚWIADCZALNEJ PAN, WARSZAWA)
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