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INTRODUCTION 

Since KLEBS for the first time theoretically explained, almost a century ago, the role 

of pancreatic enzymes in acute pancreatitis, numerous studies have been carried out con’ 

cerning the interrelationship between acute pancreatitis and pancreatic enzymes. Above 
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all, most intensively acting proteolytic enzymes, particularly trypsin, have been widely 

studied from various aspects, and it is generally accepted that trypsin plays an important 

role enzymochemically and pharmacodynamically in pathophysiology of acute pancreatitis. 

In 1934, however, DRAGSTEDT20> was the first who doubted the essential etiologic signifi-

cance in acute pancreatitis from the fact that trysin does not act upon lipoids and cellular 

membrane is composed of lipoid material. SuzuKrB7), BECK et a1.nsi, FUJIYAMA29> and 

HAVERBACK et aJ.44> failed to demonstrate trypsin activity in biliary pancreatitis the former 

two in the pancreatic tissue ar.J.d the latter two in pancreatic juice, and it was furthermore 

pointed out that experimentally produced biliary pancreatitis is morphologically different 

from pancreatitis caused by trypsin95>. ELMSLIE25>25> also reported that pancreatitis could 

not be produced even if activated trypsin was infused into the pancreatic duct, unless the 

trypsin was infused with high pressure. Thus, there are not a few opinions against the 

concept in which particular emphasis is put on trypsin in the cause of acute pancreatitis. 

Trypsin is essentially possessed of very little effect on protein of normally viable cells 

019>, and, for the manifestation of dynamic trypsin activity, it is indispensable that cells 

are already impaired in some way. As has been surveyed in the above, concerning the 

etiology and pathophysiology of acute pancreatitis, existence of some other factor which 

plays some role in earlier stage than trypsin acts, should be admitted. 

lsHIKA w A 50> observed that in dogs with experimentally produced acute pancreatic 

necrosis tissue respiration of the liver gradually decreased with accompanying increase in 

activity of phospholipase C produced by Clostridium welchii within the liver, and this may 

be sometimes one of the lethal factors. He further obs巴rvedintense activity of phospholi-

pase in the pancreatic tissue or pancreatic juice, which cannot be neutralized, even in normal 

animals, by anti α~toxin. Since BoKA Y‘s report10> in 1877, it has been widely known 

that similarly to the lethal toxin of phospholipase C, there exists phospholipase A in the 

pancreas, which acts upon phospholipid. Phospholipase A is contained in animal toxin 

like snake venom, and it has attracted interest from various aspects as a substance which 

reveals strong toxicity by itself or together with hemolytic effect of lysolecithin produced 

as a result of action on lecithin4>11>12>15>23>34>3s>39>5o, Membranous components of cells 

such as cellular membrane is mainly composed of phospholipid, and it is easily supposed 

that cells can not maintain normal function if the cellular membrane is affected by 

phospholipase. 

In acute pancreatitis, various enzymes are activ叫 edor mobilized to the whole body 

with resulting various signs characterizing clinical symptoms of this disease. Phospholipase 

A, one of the pancreatic enzymes, has been considered to exist most abundantly in the 

pancreas30> and to be possessed of strong toxicity. However, few studies have been made 

on the attitude and pathophysiologic role of phospholipase A in acute pancreatitis. In 

1961, ZrnvE98> observed an increase in phospholipase A in peripheral blood of patients 

with acute pancreatitis, and postulated diagnostic significance of determination of phospholi-

pase A. CREUTZFELDT13> also reported in 1966 that fulminant acute pancreatitis could be 
experimentally produced by infusion of lysolecithin or mixture of phospholipase A and 

cholic acid into the pancreatic duct, and he pointed out the important role of phospholipase 

A in etiology of acute pancreatitis. Concerning the role of phospholipase A in acute 

pancreatitis, however, only a few studies have been reproted. 
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Independently from these studies, in our clinic, originating from the study on phos-

pholipase C at interruption of the hepatic artery96>, studies have been carried out on the 

significanじeof phospholipase C in acute pancreatic necrosis50>. In the present experiment, 

it was the author’s intention to investigate phospholipase A, one of the pancreatic enzymes, 
which is considered presumably to play an important role together with trypsin in etiology 

and pathophysiology of acute pancreatitis. In this aim, actiYity of phospholipase A and 

its fluctuation were investigated with the lapse of time in the pancreas, liver, portal blood, 
peripheral blood and peritoneal fluid of dogs with experimentally produced acute pancre-

atitis. Moreover, phospholipase A, extracted from the bovine pancreas, was infused into 

the portal vein or retroperitoneal space in order to investigate the influence of phospholi-

pase A on organism. Studies were further carried out on the significance of phospholipase 

A in etiologic process of acute pancreatitis. 

II. MATERIALS AND METHODS 

1. Experimental Animal 

Healthy adult mongrel dogs of both sexes weighing from 6 to 15 kg were used. 

2. Measurement of Arterial and Portal Pressures 

For measurement of arterial pressure, the femoral artery was exposed, into which a 

flexible plastic canula was inserted being U-shaped mercurial manometer connected. Portal 
pressure was measured by aqueous manometer connected with a vinyl tube which was 

inserted into the portal vein through one of the branches of the superior mesenteric vein. 

3. Extraction of Phospholipase A 

Phospholipase入 wasextracted following the method of RrMON and SHAPIR079> from 

the bovine pancreas, which had been obtained immediately after slaughter and preserved 

for 2 weeks being frozen. Namely, frozen pancreas was warmed and homogenized by 

Waring’s blender. The homogenate was filtered through double sheets of gauze. The 
filtrate (preparation I) was centrifuged at 3° to 6°C and 20, 000 G for 1 hour, and the 

sediment was resuspended in 0. 05 M-EDT A 2;¥Ja solution of pH 6. 0. It was centrifuged 

again at 3° to 6°C and山， 000G for 10 minutes. The sediment was resuspended in 
water and centrifuged. The sediment was resuspended in 0. 067 M Soerensen phosphate 

buffer of pH 6. 5 (preparation II). By these procedures, soluble proteins can be separated 

and removed. Then, preparation II was heated at 70° to 75' C‘for 10 minutes to destruct 

phospholipase B, and centrifuged at 3° toβ ＇C and 20, 000 G for 15 minutes. The ob-
tained sediment (preparation Ill) was dissolved in 0. 1 M glyじin-'.¥iaOHbuffer of pH 9. 8 

(containing 32%v /v of ethanol) at room temperature and centrifuged at 3° to 6°C and 

13, 000 G for 10 minutes to remove unsoluble substances. The supernatant was adjusted 

to pH 6. 5 to 7. 0 resulting in precipitation, which was centrifuged at 3 '' to 6°C and 

20, 000 G for 20 minutes to separate the sediment. The sediment was dissolved in o. 067 M 
~hosphate bt出erof pH 7. 0 (preparation IV）・ The obtained preparation IV manifests 
decomposition capacity of ovolecithin of 0. 0324 μ moles/mg min. in 2 : 4 : 6 collidine 

buffer at 30°C6n ~his preparation IV was used as phospholip脱 A in the p悶 nt目
periment. The protem content was determined following the method of LOWRY56) 
4. Production of Acute Pancreatitis in Animals 

Dogs were anesthetized with intravenous administration of Nembutal of 25 mg/kg 
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body weight. The abdomen was opened by upper midline incision. The accessory pancre-

atic duct was ligated and the main pancreatic duct was exposed, into which pancreatitis 

producing agents were gently infused. Then the main pancreatic duct was doubly ligated 

and cut. As pancreatitis producing agent, 0. 3 cc/kg body weight of autogenous bile was 

used for investigation of fluctuation in phospholipase A activity. At the same time, phos-

pholipase A suspension of 10 mg/cc, extracted from bovine pancreas, was infused into the 

main pancreatic duct in various doses with sodium deoxycholate in order to explore the 

appearance of on-set of acute pancreatitis. For the control study, false laparotomy was 

performed and the panじreaticduct was exposed and bile vvas discarded. 
5. Determination of Phospholipase A Activity 

i. Purification of Substrate (Lecithin) 

Ovolecithin was extracted and purified from fresh yolk following the method of 

PANGBORN72> which was used for substrate. Yolk was treated with aceton and added 

with 95 per cent ethanol, which was then vigorously shaken and filtered by aspiration. 

Solution of CdCl2 was added to the filtrate and precipitation of lecithin-CclCI, was puri-

fied with chloroform, ethanol and petroleum ether, which was further dissolved in chloro-

form and vigorously shaken with 30 per cent alcohol to dissociate lecithin from CdCl2 

compound. The precipitation was dried under decompression. The obtained lecithin was 

dissolved in anhydrous ether and filtered by BUCHNER’s funnel. By this procedure, floe-
culent precipitate could be removed. Remaining clear filtrate was dried under vacuum. 

Thus, finally purified lecithin was obtained, which was stored in refrigerater being solved 

in a small amount of absolute alcohol until used. Quantitative determination of lecithin 
was done through determination of phosphorus 2 7 >. 

ii. Sample (Source of Phospholipase A) 

Pancreatic tissue, hepatic tissue, portal blood, peripheral blood and peritoneal fluid 

were collected from experimental animals before the production of acute pancreatitis, 6, 

12, 18, ~4, 48 and 72 hours after the production of acute pancreatitis, and phospholipase 

A activity was determined in each sample, regarding them as enzymatic source. Pancreatic 
sample was taken from the inferior arm of the pancreas in a small section and used in 

a 10 per cent homogenate. Liver sample was taken from the left inferior lobe and used 

in a 33 per cent homogenate. Portal blood was collected directly from the portal vein in 

the liver hilum, and peripheral blood was collected from the femoral vein, both of these 

being immediately used after separation of serum. Peritoneal fluid was collected directly 

around the duodenum. 

iii. Incubation System 

Following the method of ZIEVE98>, enzyme source of 1. 0 cc was added to 0. 05 M 

borate buffer of 1. 0 cc with pH 8. 45, which was preheated for 30 minutes at 55°C. The 

mixture was added to 30 μM of substrate (ovolecithin) and 20 mg of deoxycholate sus-

pended in 4 cc of 0. OS M borate buffer, and this was incubated for certain length of time 

at 55°C. Duration of the incubation differed depending on the source of enzyme, it be-

ing 60 minutes for pancreatic sample, 180 minutes for hepatic sample and peritoneal fluid 

and 18 hours for serum. 

Phospholipase A activity was determined from the decrease in acyl ester bond which 

is produced as a result of the process of incubation in which substrate lecithin is decomposed 
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and converted to lysolecithin. 

iv. Acy! Ester Content 

Acy! ester content was determined following the hydroxamic acid method of STERN 

and SHAPIR086J. 

v. Unit 

An amount of phospholipase A which decomposes 0. 00011_1,M of substrate per 1 

minute was expressed as 1 unit. 

III. RES UL TS 

A. Changes of Phospholipse A Activity in Dogs with Acute Biliary Pancreatitis 

Tab. 1. Phospholipase A Activity (units/g) within Pancreas 
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1. Changes of Phospholipase A Activity within Pancreas 

Phospholipase A activity within the pancreas before the production of acute pancreati-

tis ranged from 2, 800 to 18, 400 units/g, 7, 500 units/g on the average, as shown in 

Tab. 1. Phospholipase A activity increased from 6 hours after the production of acute 

pancreatitis, reaching the highest level from 18 to 24 hours after the production of acute 

pancreatitis, then showing a tendency of gradual decrease or maintenance in a higher level, 

as shown in Tab. 1 and Fig. 1. The average activity of 21 lethal cases was as 2. 5 times 

higher than preoperative level, as determined immediately befor death. In 3 cases of control 

study, little fluctuation could be observed in phospholipase A activity within the pancreas, 

as in Tab. 1. 

2. Changes of Phospholipase A Activity within Liver 

Phospholipase A activity within the liver ranged from 0 to 1, 050 units/g, 520 units/g 

on the average, before the production of acute pancreatitis, as shown in Tab. 2. After 

the production of acute pancreatitis, phospholipase A activity increased also in the liver 

with a tendency of gradual increase with the lapse of time. In lethal cases, decrease of 

the activity could not be observed, as shown in Tab. 2 and Fig. 2, and the average activity 

as determined immediately before death was as 3 times higher than preoperative level. In 

cases of false operation, only slight increase in phospholipase A activity could be observed 

in the liver after surgery, and there was no lethal case. 

3. Changes of Phospholipase A Activity in Portal Blood 

Phospholipase A activity in portal blood ranged from 6. 7 to 31. 1 units/cc, 17. 1 

units/cc on the average before surgery, as summarized in Tab. 3. After surgery, phos-

pholipase A activity remarkably increased on one way, and the average activity was as 

6. 1 times higher than preoperative level as determined immediately before death, as shown 

in Tab. 3 and Fig. 3. There was no case which showed the decrease in the activity. 

In cases of false operation, little fluctuation could be observed in phospholipase A activity. 

4. Changes of Phosholipase A Activity in Peripheral Blood 

Before the production of acute pancreatitis, phospholipase A activity in peripheral blood 

ran伊dfrom 0 to 23. 3 units/cc, 14. 0 units/cc on the average, as in Tab. 4. Phospholi-
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pase A activity increased after the production of acute pancreatitis, and the average activity 

was as 3. 9 times higher than preoperative level, as determined immediately before death, 

as shown in Tab. 4 and Fig. 4. In control 
animals, only slight fluctuation could be ob-

served in phospholipase A activity. 

5. Changes of Phospholipase A Activity 

in Peritoneal Fluid 

Before the production of acute pancreatitis, 

adequate amount of fluid for determination of 

phospholipase A activity could not be found 

in the peritoneal cavity of any experimental 

animals, whereas after the production of acute 

pancreatitis bloody fl山d accumulation could 

be observed in the peritoneal cavity of all 

experimental animals. Phospholipase A acti-

vity in peritoneal fluid 6 hours after the pro-
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duction of acute pancreatitis was 270 units/cc on the average, which was obviously higher 

than in serum, and it further increased on to the average activity of 600 units/cc as de‘ 

termined immediately before death, as shown in Tab. 5 and Fig. 5. 

6. Summary 

In the pancreatic tissue of normal dogs, markedly higher activity of phospholipase A 

could be observed than in hepatic tissue or in serum. This activity of phospholipase A 

further increased at acute biliary pancreatitis, such a tendency being particularly pronounced 

approximately in two thirds of the experimental animals. In parallel with fluctuation of 

phospholipase A activity within the pancreas, phospholipase A activity also increased in 

portal blood, hepatic tissue, peripheral blood and peritoneal fluid in dogs with acute pancre-

atitis, the extent of the increase, however, being rather outstanding in these samples, par-

ticularly in portal blood, than in the pancreatic tissue. 

Concerning the relationship between the fluctuation in phospholipase A activity and 

survival time of the experimental dogs, there was a tendency that the earlier and the more 

intense the increase in phospholipase A. activity appeared after the production of acute 

pancreatitis, the earlier the experimental animals died. Particularly, it was considered that 

the increase in phospholipase .へ activityin portal blood and the liver has a large influence 
on survival time of the animals. In this respect, an analysis was made, 14 experimental 

dogs with particularly intense increase in phospholipase A activity (No. 7, 9, 11, 14, 

15, 16, 18, 19, 20, 21, 24, 25, 26 and 27) being divided into two groups of early 

death, in which the animals died within ~4 hours after surgery, and late death, in which 

the animals died later than 24 hours after surgery.λs shown in Tab. 6, phospholipase 

A activity in portal blood in the group of remote death showed marked increase of 4. 9 

times of preoperative level, similarly the activity in the liver being 2. 5 time of preopera-

tive level. In contrast to the findings, in the group of early death, the increase in phos-

pholipase A activity was more intense to be 8. 4 times in portal blood and 4 times in the 

liver, as compared with preoperative level. 
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B. Influence of Phospolipase A on Organism 

1. Influence of Phospholipase A Administered into Femoral Vein in Dogs 

Under intravenous anesthesia with Nembutal in dogs, 10 mg of phospholipase A (protein 
equivalent), extracted from bovine pancreas, per 1 kg of body weight was injected into 

the femoral vein together with 25 mg of sodium deoxycholate spending 3 minutes, and 

fluctuations in arterial and portal pressures were investigated. 

Arterial pressure showed rapid decrease already before the ending of the injection of 

phospholipase A, decreasing by 55 to <12 mmHg, and reached 60 to川 mmHgwhen the 

injection ended. This decrease in arterial pressure was temporary without falling into shock 

state, and the pressure increased shortly after the injection, restoring almost to normal level 

from 15 to 20 minutes later. However, the pressure did not return to the level before the 
injection, as investigated for 120 minutes. Portal pressure decreased slightly only by 6 to 
7 mmH20 even 5 minutes after the commencement of the injection, in which period arterial 

pressure remarkably decreased. As shown in Tab. 7, portal pressure showed little fluc-

tuation during the investigation for 120 minutes. Experimental animals soon awoke from 
the anesthesia, gradually doing well. On the next day, no abnormality could be observed 
in these animals, with favorable appetite. For the control study, 25 mg of sodium deoxy-

Tab. 7. Arterial and Portal Pressures after Infusion of Phospholipase ...¥ into Femoral Vem 

Arterial Pressure Portal Pr間 ure
．一一．

Time (min〕 Exper. Animals Control Animals Exper. Animals Control ,¥nin1:1b 

？、
？、＂＇・ -12 i. No. -13 No. -l-l No. -ll ［叫に 42 I No. -l:3 Ku. -l-l 

Before 122 120 132 118 102 110 120 日5

3 60 65 

5 ~Ii 72 130 l:!-l ~r; 104 122 92 

10 88 80 130 124 100 104 120 95 

15 96 96 1:!8 l:!-l 106 100 118 100 

20 102 96 130 128 106 102 118 102 

25 100 96 132 El 106 104 118 104 

30 100 100 1:)2 12-l 110 104 118 104 

35 102 ~）ろ 132 124 112 104 118 100 

40 100 100 132 1己4 110 104 118 96 

45 98 102 130 126 108 104 118 lα） 

50 102 10-l 132 e1 110 102 116 96 

55 104 106 1:!8 124 108 10-1 116 95 

60 106 104 130 122 102 102 116 95 

70 106 106 130 124 100 102 118 98 

80 106 106 130 12-1 100 102 111 95 

90 106 105 130 124 100 100 118 95 

100 106 104 L！戸 122 100 102 118 

110 106 104 130 l:! I Hl:! 102 116 り2

120 106 104 130 122 100 104 118 95 

Survival Time Survi¥ eel Sun・i，・引l Surv1叫 J Survived I Su…d I Sun・iH'd Survived 

(In dogsλ’り －t:3and -l-l. for control ,;tudy. sodium deoxycholate of 25 mg alone ¥¥as infused.) 
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cholate was injected into the femoral vein, which resulted in little fluctuation in arterial 

and portal pressures, animals 札1n・ivin只・

三. Influence of Phospholipase A Administered into Portal Vein 

Ten mg/kg body weight of phospholipase A was injected into the portal vein through 

a vinyl tube inserted into a branch of the superior mesenteric vein, spending 3 minutes, 

in anesthetized dogs as described in the above, and fluctuations in arterial and portal pres-

sures were investigated. 

In one case (No・4fi),arterial pressure began to decrease during the injection, show-

ing a decrease of 54 mmHg 45 minutes later. It gradually increased, however, without 

falling into shock state, and restored almost to normal range, though it was lower than 

the level before the injection, 120 minutes later. Portal pressure showed an increase of 

80 mmH20 5 minutes after the injection, which was followed by gradually d巴crease,res tor-

ing to normal level 120 minutes after the injection, as shown in Tab. 8. In another case 

(No・47), arterial pressure rapidly decreased during the injection similarly to the cases of 

the injection from the femoral vein, and it decreased by 60 rnmHg, when the injection 

ended. This was also temporary and restored to the preinjection level l'.W minutes after 

Tab. 8. Art .. rnl and Portal Pressures after Infusion of Phospholipase A into Portal Vein 
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the injection without falling into shock state. Portal pressure showed little fluctution, as 

shown in Tab. 8. though with a slight increase of 16 mmH20 5 minutes after the injection. 

All the experimental animals looked to be exhausted and could not stand on the foot, 

showing no appetite after awoke from anesthesia. These animals died about 20 hours 
after the injection, aョshownin Tab. 11. 

For the control study, 25 mg of sodium deoxycholate was injected into the portal vein, 

and little fluctuation was observed in arterial and portal pressures. ¥Vhen 10 mg/kg body 

weight of bovine serum was injected into the portal vein with 25 mg of sodium deoxy-

cholate, arterial pressure increased. However, control animals all survived, as shown in 

Tab. 8. 

3. Influence of Phospholipase A Subcutaneously Administered 

Ten mg of phospholipase A and 10 mg of sodium deoxycholate were subcutaneously 

administered in the abdominal side of intravenously anesthetized dogs, and arterial and 

portal pressures were investigated. There was little fluctuation in arterial and portal pres-

sures, as shown in Tab. 9. 

For the control study, 10 mg of sodium deoxycholate was similarly injected, and little 

fluctuation could be observed in arterial and portal pressures, all the animals surviving well, 

as shown in Tab. 9. 

Tab. 9. Arterial and Portal l'r料、urc'after Subcutaneous Infusion of Phospholipase A 

Arteri;iJ Pr白sure ' Portal Pressure 

Time (m川

No. 51 : >lo. 52 -1 No. 53 I No. 5-1 >lo. 51 No. 5:2 I No, 53 NCJ. 5』

Before 100 I 118 I 凶 120 go I 110 100 , 120 

5 96 : 118 I 122 120 り； 112 108 ! 118 

10 100 ! 118 I 122 120 96 110 106 I 120 

15 102 116 ! 120 120 96 I 110 108 j 116 

20 98 11行 122 l己：.！ 100 110 108 116 

:!5 100 110 122 120 98 i 110 ' 108 11-1 

30 98 l:.!O 120 118 98 I 108 I Jilli 11-l 

35 100 I 1己2 L!-l 120 98 110 I 108 I 112 

40 102 I 118 I 122 120 9-1 110 106 108 

.t5 102 I 118 I 122 118 'Iii 112 106 108 

50 102 I 118 I 122 120 叫 112 I 106 I 110 

55 106 118 I I山 120 りわ 112 I 106 I 110 

60 106 120 120 120 96 112 106 108 
70 104 I 120 I 120 120 'JI) 110 I 106 I 108 

80 106 I 120 122 120 り1 112 i 104 108 

90 108 120 I 122 120 川山｜山川

100 106 122 1川 120 96 114 104 I 110 

110 108 120 1コ2 120 り1 114 10l 110 

120 106 I 120 122 120 'J.J 114 lllii 108 

Survival Time Survived ! Survived [ Survived ! s…ed [ Survived I Survi、
I In control dogs No. 53 and 5 l, 10 mg of sodium deoxycholate alone w凶 infus巴d.)
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・L Influence of Phospholipase A Infused into Retroperitoneal Space 

Following the trypsin infusion experiment of NAKGA w A 59>, 5 mg or 10 mg of phos-

pholipase人 wasinfused into the retroperitoneal space of anesthetized dogs, with respecti-

vely the same amount of sodium deoxycholate, and arterial and portal pressures were in-

vestigated. 

Arterial pressure increased by 8 to '.24 mmHg immediately after the infusion, but it 

decreased at once and in some cases it decreased by 30 to 40 mmHg 30 to 50 minutes 

after the infusion, which was, however, also transient and soon restored to normal level 

without falling into shock state as investigated for 120 minutes. Portal pressure increased 

by 17 to 30 mmH20 5 minutes after the infusion, and soon returned to the level before 

the infusion with little fluctuation, as shown in Tab. 10. The experimental animals looked 

to be exhausted when awoke, and 2 cases out of 3 died about 20 hours after the infu-

sion, except a single case which received retroperitoneal infusion of 10 mg of phospholipase 

A, as shown in Tab. 11. 

For the control study, 5 mg or 25 mg of sodium deoxycholate or saline solution alone 

Tab. 10.λrteri" I and Portal Pressures a I ter Infu日onof Phospholipase A into H.etroperiton田lSpase 
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Tab. 11. l11f11,inn of PJi.,,phol1p川 主intoれげtalVein or Retroperitoneal Sp<悶
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(Dog No. 38 was sacrificed 1日eekafter infusion.) 

was infused into the retroperitoneal space and arterial and portal pressures were measured. 

Little fluctuation was observed except slight increase in arterial pressure after the infusion 

of sodium deoxycholate, and all the animals survived well. 

5. Summary 

When phospholipase A was injected intravenously, temporary and marked decrease 

was observed in arterial pressure in all the animals. On the other hand, different from 

the intravenous injection into the femoral vein, the injection into the portal vein resulted 

in death of the animals about 20 hours after the injection, when the influence of marked 

decrease in arterial pressure seemed to have disappeared. This finding was interpreted 

that the liver was exposed to the strong influence of phospholipase A directly infused into 

the portal vein. Autopsy finding revealed an accumulation of approximately 30 cc of 

bloody peritoneal fluid, and marked change was found in the liver which was dark brown 

with a tint of light green and with an abnormal glossiness, suggesting intense impairment 

of the organ. Histologic finding of the liver also revealed edema, congestion and irregular 

arrangement of hepatic cell cords. Significant change could not he observed in the pan-

creas, kidney, heart and other. 

Such a profound decrease in arterial pressure was not observed, as in the intravenous 

injection of phospholipase A, when it was injected subcutaneously or into the retroperitoneal 

space, and in the latter case arterial pressure increased rather reflectively. Portal pressure 

also slightly increased after the infusion into the retroperitoneal space. These fluctuation 

within 120 minutes after the infusion, however, can not be accepted to be lethal. Never-

theless, 2 cases out of 3 died about 20 hours after the retroperitoneal infusion of phos目

pholipase A. At autopsy, beside accumulation of 30 cc of bloody peritoneal fluid, petechia 

could he observed in the retroperitoneal space corresponding to the site of the infusion. 

However, in the liver, pancreas, kidney, heart and others, marked change could not he 

observed, without fatty necrosis. Single survivor showed a little lower arterial pressure of 
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り0mmHg and portal pressure of 70 mmH20 1 week after the infusion, and autopsy of 

this animal revealed only an induration in the site of the infusion of phospholipase A into 

the retroperitoneal space and peritoneal fluid was hardly observed without marked change 

in the ¥・,irious organ. 

C. Finding of AcutεPancreatitis Produced by Infusion of Phospholipase 人

1. Finding of Acute Pancreatitis after Infusion of 0. 08 cc’kg Body Weight of Phos-

pholipase A into Pancreatic Duct 

0. 5 cc (ca. 0. 08 cc kg body weight) of phospholipase A was infused into the main 

pancreatic duct with '.!. 5 mg of sodium deoxycholate in anesthetized dog weighing 6. 6 kg. 

The abdomen was opened '.!-! hours later. Slight edema of the pancreas, its fatty necrosis 

of the slightest degree and small amount of bloody peritoneal fluid were observed, but 

hemorrhage or necrosis could not be observed in the pancreas, and th己 animalsurvived, 

as shown in T,1b. 12. 

己 Finding of Acute Pancreatitis ;1ftじr Infusion of 0. 3 cc/I培 Body＼＼アeightof Phos-

pholipase ,..¥ into Pancreatic Duct 

Into the main pancreatic duct of dogs, 0. 3 cc/kg body weight of phospholipase A 

and about 10 mg (5 mg per 1.りccof phospholipase :-¥.) of sodium deoxycholate were 

infused, and the abdomen was opened 24 hours later. In all cases, edema, hemorrhage 

and fatty necrosis were observed in the pancreas. However, accumulation of bloody peri-

toneal fluid was只light. Except a single animal with the development of peritonitis, other 

animals survived, as in Tab. U. 

l11-;k:1d of sodium deoxycholate, 0. 8 cc of autogenous bile was mixed with the equi-

valent amount of phospholipase A mentioned al〕引で wasinfused into the main pancreatic 

Tab. 12. Development of Acute Pancr回titisby Infusion of Phospholipase .¥ 
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duct. The abdomen was opened 24 hours later. Compared with the cases of sodium 

deoxycholate, marked edema was observed in the pancreas with accumulation of bloody 

peritoneal fluid, though slight in amount. Hemorrhage and fatty necrosis of such a degree 

as mentioned above were observed in the pancreas. However, experimental animals all 

survived, as summarized in Tab. 1三．

3. Finding of Acute Pancreatitis after Infusion of 0. 5 cc/kg Body Weight of Phos-

pholipase A into Pancreatic Duct 

Into the main pancreatic duct of dogs, 0. 5 cc/kg body weight of phospholipase A 

and 18 mg of sodium deoxycholate were infused, and the abdomen was opened 24 hours 

later. Marked edema and hemorrhage were observed in the pancreas with fatty necrosis. 

However, the amount of bloody peritoneal fluid was rather small. Experimental animals 

died 30 hours after the infusion of phospholipase A. 

4. Control Study 

Sodium deoxycholate alone was dissolved in phosphate buffer so as to be the volume 

of 0. 3 cc/kg body weight and infused into the main pancreatic duct. The abdomen was 

opened 24 hours later. Slight edema in the pancreas and fatty necrosis of the slightest 

degree could be observed in some cases, but hemorrhage was not observed, the changes 

of the pancreas being extremely slight, as shown in Tab. 12. Only in 1 case, however, 

small amount of bloody peritoneal fluid could be observed. 

When autogenous bile of 0. 08 cc/kg body weight alone was infused into the main 

pancreatic duct, laparotomy finding 24 hours after the infusion revealed slight edema of 

the pancreas, its fatty necrosis of the slightest degree and extremely small amount of 

bloody peritoneal fluid, but hemorrhage could not be observed, the changes of the pancreas 

being mild, as shown in Tab. 12. 

When autogenous bile of 0. 5 cc/kg body weight alone was infused into the main 

pancreatic duct, marked edema and hemorrhage in the pancreas, its fatty necrosis and ac-

cumulation of bloody peritoneal fluid could be observed, 24 hours later, as in Tab. 12. 

All of the animals which underwent control study survived. 

5. Summary 

When various amount of phospholipase A was infused into the main pancreatic duct 

of dogs together with its activator, sodium deoxycholate, changes of the pancreas was to 

be diverse depending on the dosis of phospholipase A infused. Furthermore, fatty necrosis 

was commonly observed at the same time, suggesting an important role of phospholipase 

A in the etiologic process of acute pancreatitis. To compare these finding with those in 

acute pancreatitis produced by autogenous bile, hemorrhage in the pancreas was more 

intense, pancreatic edema being milder with less amount of bloody peritoneal fluid, when 

phospholipase A was infused into the pancreatic duct. 

When autogenous bile was mixed instead of sodium deoxycholate, phospholipase A 

activator, changes were more intense, suggesting a strong activation effect of bile on phos-

pholipase A. Pancreatic edema was particularly outstanding, being accompanied by bloody 

peritoneal fluid, as in dog No. 66. These changes resembled those of dog No. 59, in which 

large amount of autogenous bile was infused into the main pancreatic duct. Although it was 

ascertained that acute pancreatitis can be produced by infusion of phospholipase A and 

its activator, it was not clarified whether or not the changes be particularly intenser than 
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when autogenous bile is used, and whether or not acute pancreatitis can be produced with 

extremely small amount of phospholip品入， inthe present experiment. When extremely 

small amount of phospholipase .;.. was used, chang臼 which deserve the term of acute 

pancreatitis could not be produced. Hence, it is presumed that phospholipase A does not 

participate exclusin:ly chemically in the etiologic process of acute pancreatitis, but phos-

pholipaseえ canprodu町 acutepancreatitis with the aid of mechanical factor, as autogenous 

bile docs. 

IV. DISCUSSION 

Principle of pathophysioloεy of acute pancreatitis can be deerncd to consist in the 

process of activation of pancreatic enzvmes and chemical autolysis caused by interstitial 

emigration of the enzymes. In 18(i8, KLEES pointed out the important role of pancreatic 

enzymes in the etiology of acute pancreatitis for the first time. In the early days of this 

century, 0PIE68l and OPIE and ME ¥KINS69l supported this theory from their studies on 

regurgitation of bile into the pancreas. Since then, pancreatic enzymes have been variously 
studied by many researcher~ from the view-point of its close relationship to acutぞ pancreatitis.

In pancreatic enzymes, amylolytic, lipolytic, proteolytic and nucleolytic enzymes and 

esterase are contained97l. These enzymes exist in an inactivated state within the pancreas, 

and usually acti＼叫edin the intestine to exert their digestivεeffect. If these enzymes are 

activated by some causes within the pancreas and emigrate into the interstitial tissue of 

the organ, it encounters various disorders such as edema, hemorrhage and m・crc同isof the 

pancr巴asand fatty neじれJ'iisin the surrounding ti-.;suLS. Besidl' these topical disorders, such 
general disorぬれ asdccrc:1sc in arterial pressure and shock statl' with accumulation of bloody 

peritoneal fluid were observed, and these constituted characteristic clinical picture of acute 

pancreatitis. It is generally accepted that amylolytic enzyme manifests little toxicity on 

organism, :ind its behavior in acute pancreatitis is extensively investigated. It is widely 

known that the determination of this enzyme emigrated into blood stream has diagnostic 

value. Proteolytic enzyme has the most intense toxicity, being the essential factor in pa-

thophysiology of acute pancreatitis. Concerning its behavior in acute pancreatitis, however, 

opinions do not come to consensus, partly owing to the difficulty of the detection of this 

enzyme caused by the existence of its inhibitor. Among lipolytic enzymes, serum lipase 

activity increases at acute pancreatitis and its diagnostic value has been accepted, but in 

the re'ip出 tof simplicity of the determination, it has been deemed to be inferior to amvl-

olytic enzyme. However, in 1%1, ZIEVE and others98l postulated diagnostic value of the 

determination of phospholipase A, from their observation that activity of phospholipaseλ 
increases in serum specifically at acute pancreatitis in man. 

It has been clarified since early days that the pancreas has the activity to decompose 

lecithin・ In1877, BoKAY10l discovered that pancreatic enzyme decomposes lecithin into 

fatty acid, choline and glycerophosphate. BELFANTI and NrKUNI6o independently reported 

in 1932 that the pancreas has thゼ activityof d町 omposing l町 ithin and producing lyso-

lecithin. In 19；川， GRONCH136lfurther extracted phospholipase人 frompancreatin. During 

the period from lυ.JO to 1%0, numerou只 studieshm・じ beenaccumulated in the field of 

biochemical investigations of phospholipids and phospholipase16l40J41J日＞57>m.In 1%8, RrMON 

and SHAPIR079l separated phospholipase A from bovine pancmts, and in 1%1, MAGEE and 
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others58> succeeded in purifying phospholipase A from human pancreas. GALLAI-HATCHARD 

aoi determined in 1965, activity of phospholipase A in various organs of animals, and he 

observed that the activity was extraordinarily higher in the pancreas than in other organs. 

Furthermore, VOGEL and ZIEVE94> observed extremely high activity of phospholipase A in 

duodenal juice of man, which was followed by the observation of increase in phospholipase 
A activity in peripheral blood at acute pancreatitis in man, as described in the above. 

In the present experiment, activity of phospholipase A was determined following the 

method of ZIEVE98>. Similarly to the reports of GALLAI・HATCHARD30>and ZIEVE99>, the 

activity was the highest in the pancreatic tissue. It was further observed that this high 

activity in the pancreas increases to be about 2. 5 times after the production of acute 

pancreatitis. Fluctuation in enzymatic activity within the pancreatic tissue at acute pancre-

atitis has been variously reported, and the results of the studies on proteolytic enzyme parti-

cularly do not coincide with one another. .Namely, TURNER and others92l observed increase 

in activated trypsin at acute pancreatitis, whereas SuzuKr87l did not observe trypsin activity, 

and BECK and others7>sJ reported little difference between the levels of free trypsin, tryp-

sinogen and trypsin inhibitor in extract of the pancreatic tissue at acute biliary pancreatitis 
and those at normal state. 

From the results of the present experiment, it is considered that phospholipase A, 

activity of which increases within the pancreas, directly emigrates further into portal blood 

and is distributed to the whole body hematogenously through the liver. Phospholipase A 

activity in portal blood after production of acute pancreatitis markedly increased and increased 

on, which approximately coincides with the results of NITTA 62> concerning the behavior 

of trypsin in pancreatic venous blood. Thus, the liver is exposed to not only trypsin but 

phospholipase A emigrated from the pancreas. 

Increase in phospholipase A activity as observed in peripheral blood in present experi-

ment is considered to be rather lower compared with increas of 10 to 20 times at acute 

pancreatitis in man as investigated by ZIEVE98>. However, this might be partly due to the 

fact that phospholipase A activity is lower in the pancreatic tissue of dogs than in the same 

tissue of m印刷．

It is widely accepted that beside hematogenous route lymphatic route is important as 

the path-way of general distribution of pancreatic enzymes at acute pancreatitis35>52>s9>. 

According to ANDERSON and others3>, stream of thoracic duct lymph temporarily increases 

from 1 to 2 hours after the on-set of acute pancreatitis, but it decreases from 3 to 5 hours 

after it, thoracic duct lymph becoming bloody, and from 10 to 20 hours later the stream 

completely stops. Hence, it is presumed that emigration path-way of pancreatic enzymes 

at acute pancreatitis into portal blood is more important as quantitatively investigated. 

In the study of pathophysiology of acute pancreatitis, toxicity of proteolytic enzymes, 

particularly that of trypsin has been considered to be essential, and the studies have been 

widely carried out on this respect. Numerous studies have been reported demonstrating 

important role of trypsin at acute pancreatitis such as decrease in blood pressure28>73>soiso, 

alteration in blood coagulation22>ssi, thrombus formation90> and circulatory disturbance due 

to the contraction of the peripheral vessels28>54>. 

On the other hand, REID and others76> observed that oxygen uptake of homogenate 

of the kidney, liver and heart was not influenced by the addition of cr；，叫allinetrypsin, 
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crystalline chymotrypsin and trypsin inhibitor, which was, however, inhibited by the ad-

dition of pancreatic homogenate and vagal jui民主 ofthe pancreas. IsmKA w A 50> reported 

that hepatic tissue respiration of dogs gradually decreased in parallel with the advancement 

of experimentally produced pancreatic necrosis, but it was not inhibited in normal ]i,・er by 

the addition of trypsin in vitro. From these observations, it is presumed that it might not 

be trypsin that disturbs the production of cellular oxidative energy, but something else in 

the pancreas, which influences unfavorably on organism at acute pancreatitis. IsmKAWA50l, 

furthermore, clarified that activity of phospholipase C, identical toバ toxinof （‘lostridium 

Welchii, increases within the liver at acute pancreatic necrosis in dogs. Similarly to this 

lethal factor, phospholipa間入， whichacts on phospholipicls, also has the toxicity, and it 

is readily presumed that organism is to be seriously affected when the acti,・ity of phos-

pholipase A int、reaseswithin the body at acute pancreatitis as demonstrated in the present 

experiment. 

Structural integrity of living cells is maintained by the existence of phospholipid 15>, 

and it is叩長ilydisturbed, as a matter of course, by the increase in phospholipase人activity

with resulting destruction of phospholipid. 

From the heat stability of phospholipase A, heated snake venom has been considered 

to be identical to phospholipase A and widely used in the study of the toxicity. In 1953, 
BRAGANCA11J observed that cobra venom treated at 100コcfor 15 minut四 showedonly 
phospholipase A activity and toxicity in animals, inhibiting oxidation system of glucose, 

pyruvate, L-glutamate, succinatt-，αketoglutarate and fructose in brain homogenate, fur-

thermore strongly inhibiting pyruvic dehydrogenase in the hr;1in, succinic dehydrogenase 

in the brain and heart muse、le,cytochrome oxida'>e in the brain and choline oxidase in the 

liver. On the other hand, NYGAARD and SuMNER64> reported that pancreatic phospholipase 

A inactivates succinoxiclase of liver homogenate of rats and mitochondria of rat liver, as 
phospholipase A extracted and purified from snake venom does. ,¥,hreover, AR.Wl:-lDAKSH . .¥N 

and BRAG . .¥1'B . .＼け reportedthat heat treated snake venom and crystalline phospholipase have 

the activity to bring about swelling of mitochondria in mouse liver both in vitro and in 

vivo and disturbs its metabolism as a r《：＂ultof hydrolysis of phospholipids in the mito-

chondria. GREIG and GIBBONS34> observed that hemolysis of human red blood cells treated 

with lyophilized snake venom was mild, and those red blood cells maintained glycolysis 

activity, hut cholinesterase activity was decreased in those cells with thぞ decreasein the 

activity to incorporate potassium ion and release sodium ion. In this respect, ( lχA¥Vi¥10> 

in our clinic, clarified that there occur-; disturbance of equilibrium of intracellular ions of 

sαlium and potassium, the cells effluxing potassium ion and influxing sodium ion, with 

resulti時 rapid 川•e lli時 of the cells, when pancreatic mitochondria abundant in phospholip油
is affected by phospholipase A. 

..-¥.s has been described in the above, not only phospholipase A itself has strong toxi-

city, but al的 whenlecithin is decomposed by this enzyme, the product, lysolecithin also 

has hemolytic activity, as known since early days. HABERMANNJBJ39J radically asserted 

that phospholipase A manifests its pharrnacologic effect o出・by the existe附 dlecithin. 
Thus, it is readily presumed that as the activity of phospholipa円eA increases within the 

pancreas at acute pancreatitis and emigrates into blood叫reamto he distributed to the whole 

body, the liver is firstly exposed to that stream, being seriously aff町 ted.
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In the present experiment, activity of phospholipase A increased, and there was signi-

ficant correlation between the degree of the increase in the activity and survival time of 

experimental animals. The tendency that the earlier and the stronger the increase in the 

activity was, the earlier occurred the death, was most outstanding in the activity of phos-

pholipase A in portal blood and the liver tissue. In order to ascertain this finding, phos-

pholipase A extracted from bovine pancreas was directly infused into the portal vein. In 

this experiment, temporary decrease in blood pressure was observed as in the experiment 

of intravenous infusion of phospholipase A into the femoral vein. However, experimental 

animals exclusively with phospholipase A infusion into the portal vein died approximately 

20 hours after the infusion, revealing autopsy finding of marked changes in the liver. 

CONDREA 12> and others reported that they observed decrease in plasma lecithin and transient 

increase in lysolecithin with deformity of red blood cells in their experiment in which 

50 mg (protein equivalent) of phospholipase A extracted from bovine pancreas was intra-

venously injected into the auricular vein in rabbits for 2 times with the interval of time 
of 45 minutes, however, without death of the animals. As compared with the dosis of 

phospholipase A in the experiment of CoNDREA, less than one half of phospholipase A in 

proportion to body weight was injected into the femoral vein without death of the experi-

mental animals in the present experiment. However, the same amount of the enzyme was 

lethal when infused into the portal vein. From this finding, it is obviously suggested that 

the liver is seriously affected by this enzyme. OHARA sn observed blood congestion in the 

central vein and sinusoid and atrophy of hepatic cell cord 8 hours after production of acute 
pancreatitis, and he further reported that these findings could be observed for 1 to 3 days 

which was followed by improvement of blood congestion and atrophic picture in parallel 

with the improvement of general condition, and the changes in the liver were more serious 

in dogs died within 5 days after the production of acute pancreatitis than those slaughtered 

on purpose. On the other hand, ANDERSON2> experimentally produced variou弓 degreeof 

acute pancreatitis from slight edema to serious necrosis of the pancreas and investigated 

morphologic and functional changes of the liver. According to his observation, histologic 

findings of the liver such as isolation of hepatic cell cords, blood congestion in the sinusoids 

and degeneration or necrosis of hepatic cells were in parallel with the degree of the pancreatic 

lesion, and liver fuction, as in vestigated by alkaline phosphatase, T. T. T., s G. 0. T. and 
s G. P. T., was similarly disturbed depending on the degree of pancreatic changes. 

Pathogenesis of hepatic disturbance at acute pancreatitis has been much discussed, and 

it is presumed that in addition to circulatory disturbance within the liver associated with 

decrease in general blood pressure, trypsin emigrated from the pancreas to the pancreatic 

vein reaches the liver via the portal vein49l62>74>, with resulting circulatory disturbance of 

the liver5り. Thus, the liver is placed in a condition of hypoxia, and proteolytic effect of 

trypsin, influence of phospholipase A on membranous components of cells, particularly dis-

turbance of mitochondria and further diちturbanceof energy metabolism011>60 might come 

to play the important role in etiologic pathophysiology of acute pancreatitis. 

Furthermore, DE DuvE1n demonstrated that acid hydrolase such as cathepsin is con-

tained in lysosomes of the liver, and they clarified that cellular autolysis advances by the 

activation of catheptic system, caused by the release of these enzymes18>. VAN LANCKER 

and HoLTZER93> demonstrated the existence of acid hydrolases, which were probably 



98 El・外・宝第38巻第1号（昭和4ljl二1月）

lysoscm1al enzymes, in the pancreatic tissue. The membrane of this lysosome also contains 

lipoprotein-barrier, which is destructed by phospholipase with resulting release of lysosomal 

enzymes and, further, activation of th出じ enzymes. Such process is also presumed to be 

a factor of the disturbance. BERRIDGE and Vv ATMAN9' and RY AN84' pointed out that at 
acute pancreatitis increased fragility of red blood cell would develop to hemolytic jaundice, 

and they interpreted this phenomenon to be due to influence of trypsin on these cells. 

However, this can be differently interpreted that increase in the activity of phospholipase 

λin blood at acute pancreatitis might be indirect cause of the jaundice, since lysolecithin 

with its strong effect of hemolysis is produced from lecithin by phospholipase A. 

It is generally known that large amount of bloody exudative fluid accumulates in the 

peritoneal cavity and retroperitoneal space by the increase in capillary permeability, increase 

in portal pressure and obstruction of the lymphatics, with resulting decrease in circulating 

plasma volume, which constitutes a factor ofメhockdevelopment. In this exudative fluid, 

increase in acti¥'ity of amylase and lip;isじ hasbeen pointed out. In the present experiment 

also, activity of phospholipase人 wasmarkedly higher in peritoneal fluid than in serum, 

further increasing on in parallel with the development of changes of the pancreas. Ex-

istence of vasoacti,・e substance and abnormal albumin was demonstrated by NUGENT63ヘ
l¥.汀 Zand others川， andRODGERS and C AREY82l in peritoneal fluid. TsUKIYAM . .¥ 9•> also 

asserted that toxic substancesぞxistin peritoneal fluid and the toxicity consists in the mixture 

of the three of trypsin, amylasゼ andlipase. In the present experiment, such a clear cor-

relation could not be observed between the degree of increa'it＇’ in phospholipase A activity 

in peritoneal fluid, as was observed between the degree of increRse in the乱ctivityin portal 

blood or in the hepatic tissue and the survival time. However, it is considered that the 

toxicity of increased phospholipase A activity in peritoneal fluid should not be町timated 
too small. 

It is generally observed that礼 burn-likeinjury occurs in the retroperitoneal space at 

acute pancreatitis, and in this respect the importance of fluid transfusion has been pointed 

out32>. Thus, infiltration of exudative fluid into the retroperitoneal ->rn白 hasthe imp::irtant 

significance in pathophysiology of acute pancreatitis. .N ¥!¥..¥Ge¥ w A 59> sutured and fixed the 

pancreas of dogs to the retroperitoneum to simulate the anatomical situation of human pan-

creas, and he succeeded in producing extremely メヒriousshock state by infusion of such 

small amount of bile into the main pancreatic duct, as comrrγmly leading to a fail to produce 

Sl'riom acutl' pancreatitis. He further ascertained that shock state could he produced by 
infiltration of trypsin around the abdominal aorta. In the prξsent experiment‘also, phos-

pholipase ...¥. was injected and infiltrated around the abdominal aorta. Hりはever,such a 

rapid fluctuation in arterial and portal pressures could not be observed as was observed 

when trypsin was used. U引 pitethe shock state could not be observed in these animals 

for 2 hours' i nH・stigation, 2 animals out of 3 died about 20 hours after the infusion of 

phospholi paseλinto the re寸roperitonealspace. Cause of death on not be explained only 

by出isfinding, but the impo向 nceof direct effect of phospholi p:tse .¥. on the ne~vous l加 us
around the al〕clominalaorta should be emphasized, considering the fact that the same 

amount of phospholipase A showed little effect in dogs when injected subcutaneously, 

together with the fact that subcutaneous injection of heat treated ~『1ake ven円111 results in 
swelling of mitochondria in the brain and liver, di対urbingthe function of these organs4'1u 
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GJLSDORF31' and 0GAWA66> succeeded in producing and developing acute pancreatitis 

by electric stimulation to the hypothalamic area, splanchnic nerves or celiac nervous plexus. 

From these results, they emphasized neurogenic factor in pathophysiology of acute pancreatitis. 

One of the characteristic findings of acute pancreatitis is fatty necrosis. This has been 

considered to occur by the principal effect of lipase, but according to the experiment of 
PANABOKKE71 >, it was difficult to produce fatty necrosis by injection of lipase or trypsin 
into the adipose tissue, whereas injection of phospholipase into this tissue could produce it. 

Hence, it is assumed that lipase can manifest its activity only when phospholipase A previ-

ously affected the cellular membrane of the adipose tissue, and participation of phospholi-

pase in the development of fatty necrosis should not be neglected. 

In 1901, 0PIE68' asserted “common channel theory”， in which the etiologic pathophysト
ology of serious acute pancreatitis is assumed to consist in regurgitation of bile into the 
pancreatic duct through the common canal formed with the bile duct and pancreatic duct 
by the incarceration of gall stone in the ampulla of VATER. In 1919, A.i<CHIBALD5' 
reported that the common channel can be formed functionally not only by incarceration of 

gall stone, but also by inflammation or hyperactivity of the duodenum, stimulation from the 

biliary system, dysfunction of autonomic nerves, mental irritation, spasm of Oom's muscle 

caused by drugs such as morphine and edema of papilla of VA TER. These assertions were 

followed by many studies thereafter concerning the relationship between acute pancreatitis 
and regurgitation of bile into the pancreatic duct. As pancreatic enzymes participating in 

pathophysiology of acute pancreatitis, trypsin has been and is considered to be essentia!53> 
69)75)78）目的． However, there are some contradictions upon this concept, and questions on 

the effect of trypsin, particularly at the initial stage of the etiologic process and its asso・
ciation with bile are not yet clarified. DRAGSTEDT20> pointed out, in 1934, that trypsin 

does not act on lipoids, and he isolated small part of the pancreas of dog preserving blood 

supply and transferred it into the duodenal canal to expose the pancreatic tissue to trypsin. 

The experiment was, however, unsuccessful to produce acute pancreatitis, whereas similarly 

transferred pancreatic tissue into the gall bladder was affected. SuzuKr87 > observed that 

trypsin cannot be detected in the pancreatic tissue with biliary acute pancreatitis, and changes 

in the pancreas was milder when emulsion of intestinal membrane with stronger activation 

effect on trypsinogen was infused into the pancreatic duct than when bile was used, which 

has lesser effect of activation of trypsinogen. Furthermore, FUJIYAMA29' asserted that in-

crease in trypsin cannot be demonstrated in pancreatic juice of dogs with acute pancreatic 
necrosis, though with increase in amylase and lipase, and he pointed out that injection of 

enterokinase solution into the pancreatic parenchyma failed to produce pancreatic necrosis, 

although an increase in trypsin was observed. Both of these researchers are skeptic to assume 
the role of trypsin to be essential. HAVERBACK and others43>Hl pointed out that trypsinogen 

is not activated by bile and insisted the existence of non-trypsin pancreatitis basing on their 

investigations on trypisn inhibitor. BECK7>s> also insisted that引・enadministration or direct 
infusion of extremely large amount of trypsin inhibitor into the pancreatic duct such as 

benthonium chloride or trasylol cannot prevent the occurrence of experimental acute pan-

creatitis in rabbits and dogs, and they observed little difference between the levels of free 

trypsin, trypsinogen and trypsin inhibitor in pancreatic extract from the animals with acute 
biliary pancreatitis and those from normal dogs. From the morphologic investigation of 
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various organs in expげ imentalacute biliary pancreatitis in dogs, WANKE and GROEZINGER95> 

pointed out the difference between biliary pancreatitis and trypsin pancreatitis. ELMSLIE 

25l 26l maintained that呂cutepancreatitis does not develop even by infusion of activated trypsin 

into the pancreatic duct, unless it is not infused with pressure. 

NEMIR and DRABKIN60l put emphasis on hemochromogen from their observation that 

fulminant pancreatitis could be produced by the infusion of blood digested with pancreatic 

juice into the pancreatic duct, and they considered that hemochromogen plays an important 

role not only as an etiologic factor of acute pancreatitis, but in its pathophysiology. HOFE-

RICHTER46l also noticed the importance of digested blood. ELLIOTT24> reported the occur-

rence of fulminant pancreatitis by the use of a mixture of the same amount of bile and 

pancreatic juice incubated for 12 to 48 hours. On the other hand, CREUTZFELDT13l re-
ported that he failed to prodmで seriousacute pancreatitis by the infusion of activated trypsin, 

mixture of activated trypsin and blood, lipase and other various materials into the pancreatic 

duct, and fulminant acuk pancreatitis could be produced only when lysolecithin was in-

fused into the pancreatic duct. He further pointed out that most part of lecithin commonly 

demonstrated in normal pancreatic tissue is transformed to lysolecithin in pancreatic tissue 

with experimental and clinical acute pancreatitis, and he succeeded in producing similarly 

fulminant acute pancreatitis by the infusion of phospholipase A, which participates in the 

production of lysolecithin, with cholic acid into the pancreatic duct. Furthermore, he postu-

lated that the significance of phospholipase A is extremely important in etiologic process of 

acute pancreatitis, since phospholipa~じ人 is far abundantly contained in human pancreas 

than in animal‘R one, fulminant acute pancreatitis is frequently observed in man, which is 

relatively rare in animals, and activity of phospholip山ヒ A is elevated by the regurgitation 
of bile and/or duodenal juice into the pancreas. 

In the present experiment, phospholipase A extracted from bovine pancreas was in-

fused into the pancreatic duct in various dosis with sodium deoxycholate, and various degree 

of acute pancreぽitiscould be produced depending on the dosis of phospholipase A. How-

ever, the amount of simultaneously mfused sodium deoxycholate was obviously smaller 

than thじ amountwhich alone can produce acute pancreatitis45l, and it is readily presumed 

that phospholipase A is an important factor in the occurrence of acute pancreatitis. 

On the other side, GREENBAUM and HrRSHKOWITz33l demonstrated that trypsinogen 

is activated in vitro by pancreatic cathepsin, and TURN上cR 9 2 l postulated that as the catheptic 

system consisted from lysosomal enzymes is activated by the decrease in intracellular pH 

caused by hypoxic conditions or ischemia, trypsinogen is activated in vivo also along with 

autolysis inducing necessarily resulting occurrence and d引 elopmentof acute pancreatitis. 

As has been described in the above, lysosom membrane has lipoprotein-barrier, and in this 

respect it is assumed that phospholipaseλpresumably participates in this process. 

ト4ι叫eralunexplored problems in the explanation of etiology of acute pancreatitis, as 

has been done attributing the essential factor to trypsin and regurgitation of bile into the 

pancreatic duct, can be clarified, to some extent, by introducing the concept of participa-

tion of phospholipase A. By the regurgitation of bile abundant in bile acid, phospholipase 

λin pancreatic juice is activated, which then directly affect membranous components of 

cell弓， orlecithin, abundantly じontainedin pancreatic tissue or bile, is decomposed and ly・

solecithin is produced, which indirectly acts on the cells. It is assumed tha~ the cells are 
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thus destructed and ruptures occur in thヒ smallbranches of the pancreatic duct. Thus, 

once injured cells are further affected by proteolytic enzyme, and trypsinogen is activated 

by lysosomal enzymes, along with activation of trypsinogen by trypsin itself4り．

From experimental results mentioned above, it is assumed that pathophysiologic process 

advances centering around the principal role of trypsin, under previously induced pathologic 

condition triggered by phospholipase A, with resulting further development of acute pancre-

atit1s. 

V. SUMMARY 

It has been considered that various pancreatic enzymes are activated at acute pancre-

atitis and emigrates from the pancreas, being distributed to the whole body to present charac-

teristic clinical picture of the disease, and these enzymes have important influence on the 

prognosis. Phospholipase A. has been said to be abundantly contained in the pancreas and 

studied on its toxicity, but this enzyme has not been fully evaluated from the view-point 

of etiologic factor and pathophysiologic role in acute pancreatitis. In the present experi-

ment, acute biliary pancreatitis was produced in dogs and behavior of phospholipase A was 

studied in these animals. Further investigations were carried out on the direct influence 
of phospholipase A on organism, and obtained results are summarized as follows : 

1) Activity of phospholipase A was extremely high even in the pancreas of normal 

dogs. This activity in the pancreas increased as acute pancreatitis was produced, with the 

simultaneous increase in the activity of phospholipase A.in the liver, portal blood, peripheral 

blood and peritoneal fluid, the degree of increase heing most outstanding in portal blood. 

2) There was a tendency that the earlier and the stronger was the increase in the 

activity of phospholipase A, the earlier the animals died. This finding was most remarka-

ble as to the activity of phospholipase A in portal blood and the liver. 

3) When phospholipase A was infused into the portal vein or femoral vein of dogs, 

marked decreased in arterial pressure was temporarily observed, which shortly restored to 

normal level without falling into shock state. Experimental animals with phospholipase A 

infusion into the femoral vein improved thereafter and survived, whereas those with the 

infusion into the portal vein died approximately 20 hours later. Autopsy findings of these 

animals revealed marked changes in the liver. 

4) Phospholipase A infusion into the retroperitoneal space resulted in little fluctua-

tion of blood pressure for 2 hours after the infusion. Two experimental animals out of 

3, however, died approximately 20 hours after the infusion. Autopsy finding of these 2 

animals revealed little change in the pancreas, liver and other organs. 

5) Various amount of phospholipase A was infused into the pancreatic duct of dogs 

together with sodium deoxycholate. Acute pancreatitis of various degree ι‘ould be observed 

depending upon the amount of infused phospholipase A. 

From these findings, it is assumed that as phospholipase A in the pancreas with its 

increased activity at acute pancreatitis emigrates into portal blood to reach the liver, or 

exudative fluid with high activity of phospholipase A infiltrates directly in the retroperito-

neal space, organism receives serious influenc、じ Itis also assumed that phospholipase A. 

plays an important role in the etiologic process of acute pancrL汎titis. 

As was clarified in the present experiment, phospholipase A plays never le~s im-
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portant role than trypsin, even though not more, in etiologic process and pathophysiology 

of acute pancreatitis, and it is assumed that several unexplored problems in the explana-

tion of etiology and pathophysiology of acute pancreatitis, as has been done attributing the 

principal factor to trypsin, can be explained to some extent by introducing the concept of 

pariticipation of phospholipase A. 

Accomplishing the present stud,・. the author expr出回 hisd配 pestgratitude to P1of. Dr. lrn10 HoNJO for his 
valuable advises and enthusia,tic supervision, the author is al田 gratefulto Dr. R vuz1 ,¥11zuMOTO for his kind 

helps and encouragements. 
The gist of this article was reported at 53rd Annual Meeting of Japanese沿ccietyof Gastroenterology. 
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和文抄録

急性牌炎の病因及び病態生理

殊に phospholipaseA の関与について

京都大学医宇部外科 )f, 1講座 （指導：；本庄一夫教授）

畑

従来より，急性勝炎の病因あるいは病態生理が論ぜ

られゐ以：1，蛋自分解酵素殊l乙tryp,inが演ずる役割の

極めて重要なことは，一般に広く認められているとこ

ろである．一方， Dragstedtは tn・p,inが lipoidskは

作用せず，また細胞膜が lipoidmaterial により川成さ

れていることから，乙の tryp川口を中心とせる概念に

はじめて疑問をいだいたが，その（丸 鈴木，藤山，

Haverback, Beck らは胆汁性勝炎における勝組織Fi~ ま

たは勝液中lζtrypsin活性を認めず，更に形態学的lζ

も胆汁性勝炎は tηpsinによるそれとは異なっている

ことが指摘され，また活性 tr、p、IllのIJi;<管内活入が必
ずしも隣炎を惹起しないなど， trypsin一辺倒の考え方

tc対する批判も少なくない．

石川は，犬の実験的急性体駿死において，肝内l乙

phospholipase ぐ活性が元進して致死的因子となり得る

乙とを示したが，勝l乙 乙の lethal fac t< •r と等しく

phospholipid l乙作用する phospholipaseλ の豊富に存

在する乙とが B6kayの報告以来．広く知られて居り，

また phospholi P"'e ,¥ lζ強い毒性のあることか，Bra-

ganca, .¥ravindakshan, !¥'ygaard and Sumner, Greig and 

Gibbonsらによって明らかにされている．

急性腺炎の際，各慈の！洋酵素が活性化され閥質内に

逸脱して化学的自己融解現象を招き，あるいは全身lζ

拡がって，この疾病lζ特有の病像を形づくり，予後に

重大な影響を及ぼすものと考えられているが，勝にイ、

jミ，豊富に存在し．しかも強い毒性を有するものであ

るといわれながら phospholipaseλlζ関しては，ζれ

まで，あまりかえりみられていなかった．今回の実験

では，犬！CHE!汁性の急性隣炎を作成して， phospholipase

A活性の動態を検索し，更にこの酵素の直接生体lζ及

［ます影響についても検討を飢え，次の結＇~＇.；；；＼；i'.! t:. 

1) 正常の犬でも， l陥ζ極めて高いphospholipaseλ

活性が認められた． 急性勝炎を作成すると， ζの脈内

phospholipase A活性は更に冗進したか． それと同時

尾 彦正

lと， HI,F日脈血，末梢血，腹腔液中のphospholipaseA 

活性も克進し，その冗進のねI＇.；どは，門脈血において最

も著明であった．

2) 早期に強く phospholipaseA活性の充進せるも

のほコ，勝炎作成後．短時間lζ死亡するという傾向が

認められ，これは門脈血及び肝において最も明瞭であ

った．

3〕 phospholipase Aを犬の門脈内または大腿静脈内

lζ注入すると一過性lζ著明の動脈庄下降が認められた

が，乙れは関もなく正常域に復しそのまま shockIC陥

ることはなかった． 大腿静脈内注入犬は，その後元気

IC回復，生存したか，門脈内注入犬は注入後約20時間

で死亡した．剖検で肝lζ強い変化が認められた．

民l) phospholipase Aを犬の後腹膜l乙注入したと乙

ろ，注入後2時闘の観察では殆んど血圧の変動を示さ

なかったが，約20時間後には. 3頭の実験犬のうち2

頭は死亡した．剖検で，肝，勝等の諸臓器lζ著変を認

めなかった．

5) phospholipase A の種々の量を，犬の主体管内

lζ，sodium deoxycholateとともに注入せるところ，注

入量lζ応じて種々のも：肢の1伴炎の発生せる乙とが認め

られた．

以上，急性勝炎iζ際してj附ζ活性完遂せるphospholi・

pase .＼が，門脈血中lζ逸脱して肝に流入し，あるいは

後腹膜に phospholipaseA活性の高い疹出液が直接浸

潤すると，生体は重大な悪影響をこうむるものである

と考えられる．また，勝炎発生機序の上でもphospholi-

P• "t' λ （工大きな役割を架しているものと考えられる．

今回の実験で明らかにされた如く，急性肺炎の病因

及び病態生理の上で phospholipaseA は trypsinlζ優

ると も劣らぬ重要な役割を演じているものであり，従

米 tr、psinを中心とせる概念のみにては説明し得なか

ったいくつかの間題点lζ，ある限度の解明を与えるも

のといえよう．


