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I. INTRODUCTION 

Principal situation of acute pancreatitis is, as was clarified by H. CHARI at the beginn-

ing of 19th century, nothing but the effect of pancreatic ferment against the pancreatic 

parenchyma, that is, autodigestion of the pancreas. Experimental and clinical observations 

on acute pancreatitis have been carried out by HILDEBRAND, OPIE, POLYA, GuLEKE, DRAGS-

TEDT and others. Particularly numerous studies have been accumulated on pancreatic 

ferments. Most of these are, however, mainly concerned with amylase or lipase, and very 

few reports are found as to the attitude of trypsin in pancreatitis. This is presumably 

due to following fact, that is, though there have been many devices for ferment determina-

tion using casein, gelatin, fibrin, hemoglobin and many other substrates, neither of these 

白 nbe deemed as methods for specific determination of trypsin, but that for all the pro旬

teolytic ferments including trypsin. 

The author of the present paper studied methods of specific determination of trypsin 

as postulated by BLACKWOOD et aP>, and HAVERBACK et aJ2>., and finally studied and 

improved the method of NARDI3＞り5>sJ 7>, lately reported, in which a specific synthetic sub-

strate of α－benzoyl-1・arginineamide containing amide linkage specifically decomposed by 

trypsin is used. The author further studied from various aspects the attitude of pancreatic 

ferment, trypsin, which is one of the problems of pathophysiology in acute pancreatitis, 

and carried out experiments particularly on the significance of intraperitone沼lfluid. Some 

informations obtained here are to be reported. 

II. DETERMINATION OF TRYPSIN 

Synthetic substrate of α七enzoyl・1-arginineamide hydrochloride monohydrate (abbreviat” 

ed to B. A. A. hereafter), which is specifically decomposed by trypsin, was used. This 

substrate is rapidly decomposed by hydrolytic action of trypsin, producing benzoyl-arginine 

and ammonia. Here the substrate is decomposed in proportion to the amount of trypsin 

therein8> 

HCI >JI-I 

NH2 

co 
NH2 C -NH CH2 -CH2 -CH2 CH 

NH 

co 
CsH5 

R・C0NH2+H・OH R・COOH十NHa 
6 

Ammonia produced was determined according to the method reported by HATANO 

and KIRITA9>. 

1. Procedure of Determination 

Material of 1.0 ml for the determination is mixed with 1.0 ml of B. A. A. solution 
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of 0.1 M diluted with phosphate buffer at pH 7.8. The mixture is incubated at 25°C 

for an hour for reaction between trypsin and the substrate. One ml of 1 per cent boric 

acid solution is put in the inner well of CONWAY's unit and in the outer well 0.5 ml of 

the mixture is put and at the opposite side of the outer well 1 ml of saturated potassium 

carbonate solution, so that these two may not mix together. The wells are tightly closed 

with glass cover with vaseline on it. Rotating the unit, material and potassium carbonate 

are well mixed. After left in room temperature for an hour, 0.5 ml of boric acid solu-

tion which absorbed ammonia is transfered from the inner well of CoNW A Y’s unit to a 
test tube with fitted stopper, and is then subjected to indophenol method (spectrophotometric 

method). The test tube is immersed in water bath, and 0.05 ml of 0.03 M manganous 

sulfate solution, 1.0 ml of alkaline phenol reagent, and 0.5 ml of natrium hypochlorite 

solution are quietly added in this order. The test tube is immediately closed and the 

content is gently stirred, which is then immersed in boiling water bath for 5 minutes and 

cooled for 2 minutes in ice water. After let stand in room temperature for 20 minutes 

for adequate coloration, photometric absorbability is read through a filter of 625 mt.L using 

spectrophotometer. From this absorbability, amount of trypsin is sought on the standard 

curve drawn according to the determination of purified crystalline trypsin of various con-

centrations previously known. 

For blank determination, distilled water was used, and otherwise the techniques were 

identical to that above mentioned. For all the determinations including blank, CONWAY’s 
unit was prepared in duplicate and determination was repeated twice for single material, 

and average values were taken. ¥Vhen there was a possibility of previously existing am-

monia in the material, it was determinated and trypsin value was corrected. 

2. Serum Trypsin Level in Normal and Simply Laparotomized Dogs 

i. Materials and Methods 

Adult mongrel dogs weighing about 10 kg were used. Blood was drawn from the 

femoral vein. As control, simple laparotomy was performed and the pancreas was exposed 

for several minutes. Blood was taken similarlv from the femoral vein after the abdomen 

was closed. Serum trypsin level was determined in these blood samples. 

ii. Results 

Normal range of serum trypsin level obtained from 40 normal dogs was between 0 

to 1×10 ' A. U./ml, 0.5×10-4 A. U./ml on the average (A. U. is the abbreviation of 

Anson Unit). 

Determination in 3 dogs of simple laparotomy for control re＼でaledslight change within 

physiological fluctuation (Tab. 1, Fig. 1). 

3. Serum Trypsin level after Intravenous Injection of Crystalline Trypsin 

i. Materials and Methods 

In 12 adult mongrel dogs weighing about 10 kg, crystalline trypsin of 500, 750, 1000, 

1250 × 10-•A. U./kg each dissolved in 20 ml of saline solution was respectively injected 
from the femoral vein spending about 5 minutes without anesthesia. After the injection, 

blood was taken from the femoral vein on another side with the lapse of time and serum 

trypsin was determined. 

ii. Results 
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Table 1 Serum trypsin level in dogs after simple lap3rotomy. 
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Serum trypsin level arose markedly showing its peak of 3.6 to 6.4×10 4A.U. ml a 

few minutes after intravenous injection of trypsin, and data obtained were diversified 

depending on the amount of trypsin intravenously injected. Intravenously injected trypsin 

was demonstrated in blood stream as actiYe form for approximately 120 minutes, when 

the amount of trypsin is as in the present experiment (Tab. 2, Fig. 2). 

4. Serum Trypsin Level in Dogs with Acute Pancreatitis 

i. Materials and恥1ethods

Acute pancreatitis was produced experimentally in adult mongrel dogs weighing about 

10 kg. Namely, the abdomen was opened under ravonal intravenous anesthesia, the pan-

creas was exposed and the larger pancreatic duct was isolated from the surrounding pan-

creatic tissue. The autogenous bile of 0.5 ml per kg body weight previously aspirated by 

gall bladder puncture was rapidly injected from the duct under constant pressure of ap-

proximately 150 mmHg, and the pancreatic duct was doubly ligated and cut. Following 

the bile injection, the entire pancreas showed color of bile and there appeared edema and 

petechia. Blood samples were taken from the femoral vein. 

ii. Results 

Serum trypsin level determined with the lapse of time following production of pan-

creatitis increased gradually or rapidly reaching its peak of 1.2 to 2.5×10 'A. U .. 1ml, 

1.8×10 4入.ll./mlon the average, approximately 24 hours after the injection, which was 

then followed by descension. The maximum value corresponds to 2 to 5 times of pre-

operative valu巴（Tab.3, Fig. 3). 

5. Summary 

As a preliminary experiment, it was studied how much of intravenously injected 

crystallin trypsin can be demonstrated by the method of determination employed here and 

how fluctuates active trypsin in peripheral blood, when crystallin trypsin is injected intra-

venously. Serum trypsin level was in a close correlation to the amount of trypsin injected. 

It was clarified that active form trypsin can be pursued in serum for approximately 120 

minutes as long as such amount of trypsin as used in this preliminary experiment is 
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Serum trypsin level in dogs of experimental開ncreatitis.
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Change in田rumtrypsin level in dogs of experimental pancreatitis 

concerned. 

Serum trypsin level in normal dogs ranged from 0 to 1×I0-4A.U./ml, and that of 
control of simple laparotomy did not exceed this range, its change also being within 

physiological range reflecting no influence of the false operation. 

Serum trypsin level showed its maximum level 24 to 48 hours after production of 

acute pancreatitis, it being 2 to 5 times of preoperative value. In most occasions, experi-

mental animals died before or at this period. In lethal伺 ses,serum trypsin level showed 

rapid and prominent increase compared with that in survivors. 

It is assumed that the method of determination employed in the present experiment 

being consisted of “micro<liffusion technique of CoNw A Y and indophenol colorimetry”is 
far more excellent than the original method of NARDI, in the respects of sensitivity, repro-

ducibility and accuracy. 

Fig. 3 

INFLUENCE OF INTRAVENOUS OR INTRAPERITONEAL 
INFUSION OF CRYSTALLINE TRYPSIN 

Ill. 

at Imravenous or Intraperitoneal In-1. Fluctuation of Arterial and Portal Pressures 

fusion of Crystalline Trypsin 

i. Materials and Methods 
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Adult mongrel dogs weighing about 10 kg were used. Arterial pressure was measured 

by a mercurial manomter connected to the femoral artery, and portal pressure by an 

aqueous manometer connected to a polyethylene tube which was inserted from the mesen-

teric vein to the portal trunk. Crystalline trypsin of 1250 × 10-• A. U./kg was dissolved 
in saline solution of 50 ml and poured into the peritoneal cavity through a small upper 

median incision of 3 cm in length. The abdomen was immediately closed with double 

layer suture and arterial and portal pressures were read. In cases of intravenous injection, 

crystalline trypsin of 1250×10ιA.U. 1kg dissolved in 20 ml of saline was slowly injected 

from the femoral vein spending approximately 5 minutes. （、ontrolanimals received saline 

infusion of respectively corresponding amount. 

ii. Results 

Average levels of arterial and portal pressure changes at intra peritoneal infusion of 

trypsin in respective 3 animals are represented in Fig. 4. Arterial pressure at intraperito-

neal infusion abruptly fell and reached 80 mml-Ig 6 to 7 minutes a±ter the infusion, which 

was mostly fostly followed by gradual elevation drawing near the preoperative level 120 

minutes after the infusion, although there were slight fluctuations. 

.~TTITUDE OF TRYPSIN IN EXPERIMENTAL ACUTE PANCREATITIS 
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Fig. 4 Fluctuation of arterial ;ind portal pre田L1resafter intravenous or intra-

peritoneal injection of crystalline trypsin. 1250×lQ-4人 U./ml.
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Portal pressure contrariwise arose rapidly immediately after the infusion reaching its 

maximum level of about 175 mmH20 5 to 6 minutes afer the infusion, which was followed 

by a tendency of abrupt fall, although it was sustained in a higher level. The pressure 

again arose gradually thereafter and it showed tendency of descension towards 60 minutes 

after the infusion and restored to preoperative level 120 minutes after the infusion. 

On the othu hand, arterial and portal pressures at intravenous injection showed ap-

proximately the same tendency as in intraperitoneal infusion, however, arterial pressure 

more markedly fell to 50 mmHg at minimum and portal pressure elevated as prominent 

as 210 mmH20 at maximum, suggesting more intense effect of intravenous injection of 

trypsin than intraperitoneal infusion. 
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Jn animals of intraperitoneal saline infusion, slight elevation of 10 mmH20 was ob-

served in portal pressure immediately after the infusion, which was accompanied by no 

fluctuation in arterial pressure. When saline solution was injected intravenously, no flu 

ctuation could be observed both in arterial and portal pressures. 

2. Comparison of Serum Trypsin Level at Intraperitoneal Infusion with Intravenous 

Injection of Crystalline Trypsin 

i. ;'vlaterials and ;¥lethods 

Adult mongrel dogs weighing about 10 kg were used. Crystalline trypsin was infused 

intravenously and intraperitoneally with the same procedure as in the above. Amount of 

crystalline try・psin was 1250 × 10-• ,-\.U .i kg for intravenous injection and 6250×10-4A.U./ 
kg for intraperitoneal infusion. Tr~・psin level was determined in the blood taken from the 

femoral vein. 

ii. Results 

Serum trypsin level at intravenous injection of cryst日lline trypsin was as mentioned 

in II, 3 in the above. The fluctuation of the average value showed maximum level of 

6.4×10-4.-¥.LT./ml a few minutes after the injection, which was followed by descension 
thereafter to 1.6×l0-4.-¥.LT./ml 120 minutes after the injection. 

On the other side, serum trypsin level at intraperitoneal infusion of trypsin reached 

the maximum level of 1.6×10-'A.U./ml and decreased gradually thereafter to become 

0.8 × 10-•A.U./ml 3 hours after the infusion (Tab. ±, Fig. 5). 
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Serum trypsin level in dogs after intraperitoneal infusion of じ了、ちtallinetrypsin. 
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3. Summary 

These experiments were carried out in the aim of exploring the difference in fluctua-

tions of arterial and portal pressures and serum trypsin level between intraperitoneal infusion 

of crystalline trypsin and intravenous injection of it. Arterial pressure fell and portal 

pressure elevated within a few minutes after infusion of trypsin, however, both of these 

restored shortly, to some extent, drawing near preoperative level gradually. Changes in 

arterial and portal pressures were markedly pronounced in intravenous injection than in 

intraperitoneal infusion of the same dosis of trypsin. 

Notwithstanding trypsin was administered 5 times much in intraperitoneal infusion 

compared with intravenous one, serum trypsin level after the infusion was higher in in-

travenous injection, being reversed. In other words, elevation of serum trypsin level was 

conspicuous when trypsin was administered in circulatory system than in peritoneal cavity. 

IV. INTRAPERITONEAL FLUID AT ACUTE PENCREATITIS 

1. Trypsin Level of Pancreatic Exudate and Peritoneal Fluid 

i. 恥1aterialsand孔1ethods

Acute pancreatitis was produced in adult mongrel dogs weighing about 10 kg. Pan-

creatic exudate was collected with following procedures. 入fterthe procedure of pancreatitis 

production was accomplished, the pancreasmesenterium around the organ and the small 

vessels in it were doubly ligated and cut without injuring the capsule of the organ, and 

the right arm of the pancreas was isolated from the surrounding tissues. The isolated 

right arm was enclosed with a sac and fixed to the duodenal wall with sutures. A vinyl 

tube connected to the end of the sac was drainaged 

through a small incision in the right abdominal 

wall to the outside. The left arm of the pancreas 

was left as it was. 

Peritoneal fluid was collected through a rubber 

drainage from the abdominal cavity (Fig. 6). 

n川日〕
Fig. 6 Method of p 、 n~rcor. exu<Lte 
collection 

一個

ii. Results 

Trypsin level in pancreatic exudate was mar-

kedly high from the initial stage, being 4 to 5× 

10 'A.U./ml. The level still arose to the peak 

of 8 to 12×10 生A.U./ml until 24 to 48 hours 

after the onset of the disease, and showed as high 

a level as 6 to 8 × 10-•A. U./ml 72 hoU£s‘after 
the onset (Tab. 5, Fig. 7). 

On the other hand, trypsin level in peritoneal 

fluid was 1.1>'10 'A. U./ml on the average 6 

hours after the onset, which was followed by 

maximum value of 2.1 × 10-•A.U./ml and 1.8× 
10-•A.U./ml 24 to 48 hours and 72 hours after 
the onset, respectively. Among these experimental 

animals, death occurred more frequently towards 
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Trypsin level in p」ncr田 ticexudate in dogs of experimental pancr回 titis. 

dog 

Nけ ι11

42 

43 

44 

~5 

72 

7.0 

7.2 

6.7 

10.6 

8.7 

10.0 

36 

Table 5 

6 12 I 2.i 

I 4.9 I 11.0 

I 6田3 I 9.2 

~.4 7.6 

I 5.0 I 10.0 

4.5 I 12.3 

5.0 I 10.0 

l.0 

3.4 

11.1 

7.0 9.8 11.l 

.1.0 

3.8 mean 

Unit ：×1 o-1A. U./ml 

72 

2.0 

1.7 

1.8 

1.6 

Trypsin level in intraperitoneal fluid in dogs of expermanral p:mcreatit1s. 

2.2 

2.1 

0.8 

2.5 

2.0 

3.0 

2.1 

48 6 

1. I 

0.8 

0.9 

0.8 

1.0 

1.2 

1.2 

1.1 

1.1 

Table 6 

hrs 
～ ～～～i 
－A

つ臼

q
d
4
・－
3

に
υ

n

j

a

u

戸、υ
F
h
d

一ヘ，
u
p
h
υ

戸、υ
F

、υ
F

、υ

戸、υ

『～～～～～ー
de》日

？サJ，’

1.8 mean 

×10-1A. U./ml 

10 

日

0 
Preope. 6 12 24 48 72 hrs 

Fig. 7 Ch.111日c-in trypsin level in p:increatiιexudate and intraperitoneal 

fluid in dogs of experimental p川icreatitis

l!rnt 

戸

口

ト

〕

／

v

i

o

－－
［
J
K



λTTITUDE OF TRYPSIN IN EXPERIMENTAL ACUTE PANC'l¥L ¥TITIS 713 

the period of maximum trypsin level in those which showed higher and rapid elevation 

of trypsin level (Tab. 6, Fig. 7). 

2. Trypsin Level of Pancreatic Venous Blood and Thoracic Duct Lymph 

i. Materials and Methods 

Acute pancreatitis was produced in adult mongrel dogs weighing about 10 kg. A 

polyethylene tube was inserted from the mesenteric vein to the pancreatic vein via the 

portal vein. The tube was fixed in position and the abdomen was closed. Trypsin level 

was determined with the lapse of time in pancreatic venous blood taken from this tube. 

Thoracic duct lymph was collected with following procedures. The draining of the 

thoracic duct to the left venous angle was exposed and the thoracic duct was ligated. As 

the ligated end of the duct was swollen by lymphatic congestion, a small incision was laid 

on the duct and polyethylene tube of less than 1 mm in 回 liberwas inserted and fixed. 

Thoracic duct lymph was collected from this thoracic duct fistula10>. 

ii. Results 

Trypsin level in pancreatic venous blood was determined every two hours postoperati-

vely until 12th hour. The level began to arise 2 to 4 hours after the operation and 

continued to increase on to reach 2.5×10-4A.U.1 ml 12 hours after the operation, which 

is 5 times higher than preoperative level (Tab. 7, Fig. 8). 

Trypsin level in thoracic duct lymph also showed approximately the similar tendency 

to that in pancreatic venous blood, reaching as high a level as 2.2×10-4A.U./ml 12 hours 

after the operation. However, trypsin level was always higher in pancreatic venous blood 

than in thoracic duct lymph (Tab. 8, Fig. 8). 

3. Serum Trypsin Level in Dogs with Intact Thoracic Duct or Thoracic Duct 
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i. Materials and Methods 

Acute pancreatitis was produced in adult mongrel dogs weighing about 10 kg and the 

animals were divided into 2 groups. In one group, the thoracic duct was left intact and 

in another, thoracic duct fistula was constructed in the similar procedure as described in 

the above. 

ii. Rモsuits

Serum trypsin level was determined every 2 hours until 12th hour postoperatively. 

In animals with the thoracic duct left intact, serum trypsin level showed tendency of ele-

vation 2 to 4 hours after operation, reaching 1.0×10生A.U./ml12 hours after operation, 

which corresponds to 2 times level of preoperative one. 

On the other hand, in animals with thoracic duct fistula, serum trypsin level showed 

no significant fluctuation compared with that in the former group (Tab. 9, 10, Fig. 9). 
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」笠二二二
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Table 10 Serum tryp日nlevel after release of thoracic cl net , x.・d,Nけ11in dogs 

of pancr田 titisinduced by l丸ile-injection.

J丞~－： ~~＿. _! :___ I _・1_ l ~ _J ____!_ 
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78 0.5 i 0. l 0.6 1 0.7 0.7 

mean 0.5 I 0.5 i 0.6 ! 0.8 0.8 

Table 9 Serum t円ps111level after thoracic duct occlusion in dogs of pancr田titis 

induced by bile-injection. 
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4. Serum Trypsin Level in Dogs with and without Drainage of Intraperitoneal Fluid 

i. Materials and Methods 

Acute pancreatitis was produced in adult mongrel dogs weighing about 10 kg and a 

rubber drainage was set near the Pancreas, in order to remove intraperitoneal fluid conti-

nuously to the outside. 

ii. Results 

When intraperitoneal fluid was drained to the outside, serum trypsin level gradually 

arose from 6, 12 to 24 hours after operation, 24th hour maximum level being 1.2 to 

2.1 × 10-•A.U./ml which gradually decreased on to 1.0×10 'A .. U., ml on the average 72 
hours after operation (Tab. 3, 11, Fig. 10). 

Serum trypsin level in dogs of experimental pancreatitis "ith periton四 ldrainzge. 
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On the other hand, in the animals without intraperitoneal fluid drainage, serum trypsin 

level was 1.8×1Q-4A.U./ml on the average 24 hours after operation, revealing little dif-

ference from that in the animals with the drainage. 

5. Summary 

It is widely admitted that acute pancr回 titisis frequently accompanied by intraperito・

neal accumulation of bloody fluid, which is more or less invariably observed also in ex-

perimental animals. This fluid has been deemed to be consisted of exudate from the 

pancreas itself and that from the peritoneum 11>. Hence, trypsin level was determined in 

the above mentioned 4 groups. 

Trypsin level in pancreatic exudate showed rapid elevation as above mentioned reach-

ing the maximum value of 11.1×10 4A.U./ml on the average 36 hours after operation, 

and intraperitoneal fluid also showed the maximum value of trypsin to be 2.1 × 10-•A. 
U. /ml 24 hours after operation. Trypsin level is 5 times higher in the former compared 

with the latter. In other words, it is assumed that trypsin level of the exudate from the 

pancreas itself is lowered as it mingles and accumulates together with the exudate from 

the peritoneal surface. 

Trypsin level in pancreatic venous blood and thoracic duct lymph showed 2.5×10-4 

A.U./ml and 2.2 × 10-•A.U./ml 12 hours after operation, respectively on the average. 
Namely, trypsin level was constantly higher in the former than in the latter, although 

slightly. 

No significant difference was observed between serum trypsin level in animals with 

the thoracic duct left opened and the level in those with thoracic duct fistula. 

There was no significant difference in serum trypsin level between animals with 

peritoneal drainage and without it. 

V. DISぐUSSION

It was postulated by CARVISSAT and KUEHNE in 1867 that pancreatic juice has a pro-

teolytic activity, and the proteolytic component was nominated trypsin by KUEHNE. Since 

DASTRE observed in 1893 that fibrin of thrombus was swiftly digested in plasma of rab-

bits, it has been generally admitted that proteolytic ferment is contained in serum of various 

species of animals. DELEZENE and PROZERSKI thereafter reported in 1903 that proteolytic 

activity of this ferment is augumented when treated with chloroform. It was further 

clarified that the ferment digests not only fibrin, but gelatin, casein and so on and various 

di vices for determination of this ferment was done and studied using these substrates12J 1ai 

14）川. In clinical aspect, GoooPASTURE16> first observed in 1914 that activity of the pro-

teolytic ferment in serum is strengthened in patients of liver cirrhosis, which was followed 

by many papers reporting increase or decrease in proteolytic activity of the ferment in 

various diseases and other conditions12> 17> 18>. Actual character of this proteolytic ferment 

in serum is not clearly understood yet up to date. Although this is called serum trypsin, 

some diff ercnces are observed in its optimal pH and action against various substrates. 

Accordingly, it is presumed that this ferment contains some essentially different other 
ferments, though resembling trypsin19>. 

However, clinical symptoms只t・enat acute pancreatitis such as vascular damage of the 



ATTITUDE OF TRYPSIN IN EXPERIMENTAL ACUTE PANCREATITIS 717 

pancreatic vessels, shock, alteration of coagulation process, increases in proteolytic activity 

of serum and decrease in anti-proteolytic activity can be well reproduced, to some extent, 

experimentally by intravenous injection of crystalline trypsin20J, from which it is readily 

presumed that most part of proteolytic ferment liberated to blood flow at acute pancreatitis 

is consisted of trypsin. 

It is considered that at pancreatic disorders trypsin, one of the pancreatic ferment is 

liberated to systemic circulation by way of hematogenous and lymphogenous paths as well 

as other ferments. It must be largely because there has been no identification and discri-

mination of serum trypsin, which increases in serum due to escape of pancreatic trypsin at 

pancreatitis, from other proteolytic ferments, that there have been so many discussions on 

this point without decisive solution. 

It is generally understood that special synthetic substrate B. A. A. used in the present 

experiment is specifically decomposed by trypsin. However, there are assertions that this 

synthetic substrate is decomposed also by some proteolytic ferments other than trypsin such 

as chymotrypsin, cathepsin, plasmin, thrombin, papain and bromerin, though there are some 

differences in the degree of digestion. 21l 22l Accumulated studies have clarified that it is 

justifiably understood that the synthetic substrate is specifi叩 llydecomposed by trypsin 

depending upon an optimal pH, temperature and duration of reaction, and on condition 

that the reaction be processed in vivo. By the way, MARDI lately insisted little and almost 

negligible influence of plasmin on this method of determination (Tab. 12) BJ. 

Table 12 Action of Proteinases on Ben z口yJ-l主rginineλinide

Enzym軌 I pH I_ Ti 

Trypsin. 0.25皿g戸0民in I 7.8 I 1 I 5 0 
N p町 cc. I I 2 I 64 

20 I 95 

3 

Chymotryp,in, 0.7mg protein 7.8 2 
N per cc. 19.5 
Cathepsin 4.0～5.0 
Thrombin (250U.) 9.0 2 
Plasmin 
Papain-HC:¥ 5.0 2 

6 

Bromerin-HCN 5.0 6 
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In trypsin determination in the present experiment, original method of determination 

of Nardi was modified. In the original method, the titration is performed with 0.01 N 

HCl against boric acid solution containing indicator, which absorbed ammonia within the 

inner well of CONW A y’s unit23l. When relatively large amount of ammonia is contained 
in the material, reading of the terminal point of the titration is comparatively easy since 

at such occasion the boric acid solution changes into blue in its color and turns into bright 

red by the titration, and consumption of HCl also being large, technical eηor can be neglected. 

Reading of the terminal point is, however, difficult when the amount of ammonia contained 

in the material is very small. In addition, owing to extremely small consumption of HCI 
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as 1 to 2 ml, the determination requires well trained skill and there still remains room for 

subjective factor. On the contrary, the method of ammonia determination reported by 

HぇTANO and KrRIT A and employed in the present experiment has advantage to the original 

one in respects of accuracy and sensitivity, permitting no room for subjective factor. 

In the experiment of intravenous injection of crystalline trypsin, increase in serum 

trypsin depended upon the amount of trypsin intravenously injected. However, even when 

relatively large amount of trypsin was injected intravenously, corresponding incr聞記 in

serum trypsin could not be observed. This was interpreted to be presumably due to trypsin 

inhibitor possibly exists in serum. 

It has been recognized since early days that there exists some inhibiting substances in 

serum of animals against the ferments24>25>25>2n28>29>, There have been also many publica-

tions on the attitude of trypsin inhibitor at intravenous injection of trypsin24> 30> 31> 32> 33>. 

¥Vhen trypsin is injected intravenously or in occasion of acute pancr＇白titis,there is a hazard 

that proteolytic activity of active trypsin appeared in serum destroys important functions 

of the organism. It is considered that trypsin inhibitor acts upon this point as a defence 

mechanism, inhibiting the activity of the trypsin. Certain correlation between this inhibitor 

and trypsin can be readily presumed, which is reported by 0BATA in our clinic34人 Owing

to the effect of the inhibitor, it is only a small part of trypsin intravenously injected that 

回 nbe demonstrated by the determination. Most part of the trypsin is thought to be in-

hibited and neutralized immediately. Thus it is assumed that trypsin determined at pan-

cr回 ticdisorders is merely a part of liberated trypsin and unexpectedly large amount of 

trypsin is emitted. 

In the present experiment, it was disclosed that intravenously injected trypsin exists 

at least for 120 minutes in the blood flow in an active form. Accordingly, it is certain 

that when pancreatic trypsin 回目pescontinuously into blood flow it田 nbe demonstrated 

as serum trypsin. 

RusH-CLIFFTON30> demonstrated using substrate of回 seinin 1952 that serum trypsin 

level increases in dogs of experimental pancreatitis・ Inrecent years, NARDI observed using 

substrate of B. A. A. in 1958 an increase in serum trypsin level in patients of pancreatitis 

and pancr田tic国 ncer,and he further observed that serum trypsin increases in parallel with 

increase in serum amylase in experimental animals3H>5>5>7>. ARAKI35>, in our country, also 

observed the same findings using modification of NARDI’s method. In the present experi-
ment also, increase in serum trypsin in pancreatitis was observed. 

Toxicity of trypsin has been long discussed. As an outstanding feature of acute pan-

creatitis, not only necrosis of the pancreatic tissue, but also escape of large amount of 

intensely toxic pancreatic ferment, trypsin is pointed out, and there are many investigators 

who insist upon toxicity of trypsin as a cause of toxic symptom and lethalityaoJ31)36)37)3sJ 

則的. On the other hand, there are some who are skeptical to the assertion that alteration 

of t町psinogeninto trypsin plays an important role in pathogenesis of pancreatitis4 l人

In the present experiment, however, the higher the trypsin level in pancreatic and 
peritoneal exudate and in serum and the more rapid the increase in trypsin level, the worse 

the prognosis was, and early death was frequently observed towards the period of the 

maximum value of trypsin level. In addition, symptoms and findings of experimental 
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animals at intravenous injection of trypsin so closely resemble those seen at clinical pan-

creatitis of serious degree. From this respect also, toxicity of trypsin should be admitted as 

a factor of lethality of acute pancreatitis. 

Determination of serum trypsin level in normal dogs revealed normal range of 0 to 

1×10-4A.U./ml, 0.5×10-4A.U./ml on the average, which is interpreted to suggest endo-

crinic secretion of some extent of exocrine substance as was postulated in 1951 by ]ANOWITZ 

and HoLLANDER42l that even in normal pancreas small amount of ferment appears in blood 

flow from the acinar cells through the interstitial spaces. STEIN and PowER et al43l. 

supported in 1956 the existence of veno司interstitialand duct-venous reflux pathways and 

maintained that these pathophysiologic pathways play an important role in liberation of 

pancreatic ferments into blood flow at pancreatitis. 

Concerning the influence of crystalline trypsin on arterial and portal pressures, there 

was little difference in the tendency of fluctuation in both occasions of intravenous injection 

and intraperitoneal infusion. However, in quantitative respect, intravenous injection of 

trypsin of smaller dosis had larger influence on these pressures than intraperitoneal infusion. 

This is interpreted that even comparatively large amount of active trypsin has less influence 

on arterial and portal pressures, further, on the whole organism, so long as it exists within 

the peritoneal cavity than intravenously liberated trypsin of the identical amount, which is 

assured also from the findings of serum trypsin level at intravenous injection and intra『

peritoneal infusion of crystalline trypsin. 

It is reported that while pancreatic juice which contains activated pancreatic ferment 

originated from the damaged pancreatic acini exude in the peritoneal印 vitybeing diluted 

with plasma, peritoneal exudate is produced by secondary subserous neurocapillary lesion 

or parietal and visceral peritoneum, and intraperitoneal fluid at acute pancreatitis is consisted 

of the mixture of these two' 1人

It is said that the former pancreatic exudate contains pancreatic ferment in higher 

concentration. In the present experiment also, pancreatic exudate collected by the use of 

sac showed higher trypsin level than intraperitoneal fluid, which may presumably due to 

dilution with peritoneal exudate and neutralization with the inhibitor while in the abdomi-

nal cavity. Although trypsin level was slightly higher in intraperitoneal fluid than in serum, 

the difference was little, and decrease in trypsin level was slightly delayed in the former 

than in the latter. Similar finding is reported as to the attitude of amylase that amylase 

level in intraperitoneal fluid at pancreatitis is higher and persists longer than in corresponding 

serum44川｝州. It is interesting that the author of this report insists that valuable diagnositic 

aids can be obtained in cases of late stadium of acute pancreatitis by utilizing this pheno-

menon in determining amylase level with simple peritoneal tap. 

As the tract of absorption in the serous cavity, capillaries of blood and lymphatic 

systems (lymphatic space) are pointed out ingeneral as a matter of course, and the lymphatic 

system is seemed to posesse as large a capacity as to correspond to that of blood capillary 

system. Particularly the abdominal回 vityis the site of utmost development of lymphatic 

apparatus and its absorbability is variously discussed 1 oJ川. However, it is considered that 

absorption of ferment from the peritoneal伺 vityis mostly achieved lymphogenously through 

the thoracic duct, and scarcely through immediate hematogenous pathway'8l. Problem of 
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liberation of pancreatic trypsin into blood flow still remains in obscurity and few publica-

tions are found except on amylase. It has been only supposed up to date that trypsin also 

takes the same tract as amylase36>49>_ Namely, as to absorption of amylase, opinions do 

not accord, some insisting that it enters the systemic blood flow chiefly through the portal 

vein and very little enters by way of thoracic duct and this pattern of absorption is merely 

secondary one州 5o>51>52>,and some insisting contrariwise that it enters blood flow in most 

part lymphogenously through the thoracic duct and the remainder immediately enters the 
blood vessel system日）54)55)56).

Discussing the principal tract of trypsin liberation into blood flow, it should be essential 

to grasp total amount of trypsin respectively absorbed into the blood vessels and lymphatic 

system within a certain interval of time. This is achieved by determining trypsin content 

in serum and thoracic duct lymph and volume of blood and lymphatic flows. It is, how-

ever, naturally accepted that the volume of blood flow is obviously larger than that of 

lymphatic flow. In the present experiment, determination of trypsin level in pancreatic 

venous blood and thoracic duct lymph at pancreatitis revealed that although the difference 

between these two was little, the level was invariably higher in the former than in the 

latter. This finding necessarily leads to the assumption, volume of flows being taken into 

consideration that trypsin from the pancreas mainly es田 pesinto the portal vein by way of 

the pancreatic vein. Findings of the experiment in dogs with thoracic duct fistula, that 

serum trypsin level showed no marked change, also gives basis to this presumption. At 

this point, it should not be neglected that most part of trypsin hematogenously absorbed 

drains into the liver through the portョlvein. 

There was little difference in serum trypsin level between the occasions with and 

without drainage of intraperitoneal fluid. From this respect also, it is assumed that 

drainage of intraperitoneal fluid has little significance. 

WHIPPLE and Gooo-PASTURE57> stated in their article in 1914 that“The peritoneal 
exudate in acute haemorrhagic pancreatitis contains no toxic substances.- The haemorrhagic 

peritoneal exudate may be looked upon as having a neutralizing action and app白 rsto 

benefit rather than injure dogs suffering with acute pancreatitis. Dogs with acute hae-

morrhagic pancreatitis which are subjected to exploration and removal of peritoneal exudate 

will appear sicker than control clogs left undisturbed円. In short, in acute Pancreatitis, most 

part of trypin liberated from the pancreas immediately app白 rsin blood flow and enters 

the liver through the portal vein. On the other side, trypsin that exude in the peritoneal 

回vity is only a small part of that liberated from the pancr白 5・ Furthermore,as it is 

clilutecl and neutralized while in the peritoneal回vity, encountering the lowering of the 

activity, drainage of this fluid has little influence on serum trypsin level. Thus from these 

findings, it is assumed that even if the peritoneal exudate be reabsorbed, it has no influence 
on the course of acute pancreatitis. 

VI. SUMMARY 

1) As a method of trypsin determination, Nardi’s original method was modified and 

improved employing the method of ammonia determination reported by HATANO and 
KIRITA. 
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2) lntraperitoneal infusion of cry吋日lline trypsin had less influence than intravenous 

injection of this agent. 

3) The peritoneal fluid at acute pancreatitis is the mixture of pancreatic and perito-

neal exudates, and its trypsin level had little difference from that of serum, decrease in 

trypsin level in the peritoneal fluid being delayed than in serum. 

4) It is only a small part of trypsin that emigrates in the peritoneal cavity in acute 

pancreatitis and most of them enters immediately into the systemic circulation. 

5) In acute pancreatitis, intraperitoneal drainage has little effect on the change in 

serum trypsin level. 

It was assumed from these findings that intraperitoneal drainage has little significance 

in acute pancreatitis, and trypsin that enters immediately blood flow and drains into the 

liver should be rather emphasized. 

Accomplishing the present paper, the author is infinitely debted to Prof. Dr. Icmo HoNJO for his valuable 

advices and encouragement throughout the experiment, the author is also grateful to Dr. hsuo MIYAZAKI and other 

members of our clinic for their kind he! ps. 
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和文抄録

実験的急性豚炎に於ける Trypsinの動態

金沢大学医学部第2外科教室（主任本庄一夫教授）

新

現在までに Trypsinの牒炎時に於ける様相に就いて

は文献的にもその数は極めて少ない‘ これは Trypsin

を特異的p 直接的に定量しうる方法がなかった事に原

因するものである．著者はy NardiのTrypsin測定法を

改良し，犬の路管内に自家胆汁を注入し，急性隊炎時

に於ける Trypsinの動態を実験的に追究しP 次の結果

を得た．

1) Trypsin測定法として， 波多野・桐田の報告す

るAnunorna測定法を用いNardi法を改良した．

2) 結晶 1‘rypsinは腹腔内に注入された場合p 静脈

内に注入された場合よりも影響が少ない．

3) 急性豚炎時の腹腔内法出液はp 豚法出液と腹膜

よりの法仕＇，液との混合物であり p その Trypsin値は血

/fl 降 敬

中 Trypsin値と大差なしそれよりも遅れて減少す

る．

4〕 豚炎時p 腹腔中への Trypsinは全体からみて－

;';1；にすきずp 大部分は直接総体循環に逸脱する．

5) 腹腔のDrainageを行なってもp 血中Trypsin{1直に

は余り変化が認められない．

以上の点から， Trvpsinに関しては，腹腔法出液中

のTrypsinの血中への移行は搾炎の経過に重大な影響

を及ぼすものでなしむしろP 勝炎発病と同時に血中

へ一度に放出されるべき Trypsinの一部分が腹腔中に

漆出し，他の濠出液によって薄められy 貯溜されるー

現象にすぎないとも考えられる．よって3 直接血行性

に柊行し肝に流入する Trvpsinを重視すべきである．


