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CHAP:rER I 

INTRODUCTION 

"On every scientist's desk there is a drawer labelled UNKNOWN in 

which he files what are at the moment unsolved questions, lest through 

guesswork or impatient speculation he came upon incorrect answers that will 

do him more ha.rm. than good. Man • s worst fault is opening the drawer too 

soon. His task is not to discover final answers but to win the best partial 

answers that he can, from which others may move confidently against the 

unknown, to win better ones." 

Homer Smith. Fran Fish to Pb.Uosopher; Boston; Little, Brown, 1953. 

Acute pancreatitis is a disease of variable intensity, from mild 

oedema to a generalized fulminant necrosis; usually it is defined as an acute 

inflammatory response of pancreatic tissue to various types of injury. 

The first accurate and comprehensive description of acute 

haemorrhagic pancreatitis was given in 1889 by Fitz (1), a Boston pathologist, 

and since that time this form of the disease has been widely discussed in the 

medical literature. As a result of observations during his experimenta in 

haemorrhagic pancreatitis in animals, Archibald (2), in 1913, called attention 

to pancreatic oedema, and Zoepffel (3), in 1924, distinguished between cases 

of acute pancreatic oedema seen at operation and those characterized by 

haemorrhage and necrosis. 

Most of the available information pertains to the fulminant form of 

the disease, and extensive experimental work has been directed largely toward 

the production and study of acute haemorrhagic pancreatitis. Recent literature 
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reflects a better understanding of the underlying physiological mechanisms 

and takes a broader view of the problem of pancreatitis, in an attempt to 

find a cammon denominator of its pathogenesis, whereas earlier work was 

devoted mainly to exploration of the validity and inconsistencies of the 

'common-channel' theary propounded by Opie in 1901 (5-7). 

Acute pancreatitis has been induced in various animals, including 

dogs, rats, cats, rabbits, goats and mankeys, by a variety of methods, 

e.g., ligation of the ducts in the presence of copious secretion, impairment 

of blood supply, mechanical or chemical trauma, metabolic derangement, and 

local anaphylaxie. All forms of experimental pancreatitis bear some 

resemblance in gross and microscopie pathology to certain stages of the 

disease in man. This resemblance may indicate that the pancreatic reaction 

to in.jury is somewhat stereotyped, depending more upon the rate and degree of 

insult than upon its nature. However, the findings in experimental pancrea

titis cannat be related exactly to the disease in man, because of the 

anatomical and pbysiological differences between man and the experimental 

animal; any experimental model must be regarded as a compromise measure, 

since it is not known whether the aetiological factor(s) play the same role 

as in spontaneous pancreatitis in man. 

Despite the accumulation of a vast amount of experimental data since 

the brilliant experiment princeps of Claude Bernard in 1856 (8), the controversy 

concerning the pathogenesis of the disease continues and it is not yet known 

wbich aetiological factors are responsible for the initiation of pancreatitis 

and which mechanisms contribute to its progression to extensive pancreatic 

necrosis and death. 

The most plausible bypothesis is that of localized autodigestion of 

the pancreas, with disintegration of acinar cells, haemorrhage from necrotic 
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vessels, and fat necrosis, all of which have been ascribed to the effects of 

lipase and proteolytic enzymes which have been activated within the organ 

or in the ductal system and have gained access to the interstitial spa.ces. 

However, the details of such a mechanism are but poorly understood. The fact 

tbat active enzymes do not dissolve cells of the digestive tract bas long 

excited the curiosity of physiologiste; the outer ~ers of living cella, 

which appear to consist of muee- and lipoprotein, are resistant to digestion 

by cammon proteolytic enzymes, and while these ~ers remain intact the 

enzymes are not able to enter the sensitive cytoplasm. Surgeons have long 

been aware that chronic pure pancreatic fistulae do not cause necrosis. Also, 

an increase in active trypsin in hamogenates of pancreatic tissue obtained 

from cases of all types of eÀ~rimental pancreatitis bas never been demon

strated, despite most diligent efforts. Recently, the entire concept of 

'tryptic pancreatitis 1 has been cballenged by Beek and his group (9), who 

found no active trypsin in hamogenates of pancreatic tissue from dogs with 

acute bile pancreatitis. 

Evidence for a key role of trypsin in acute pancreatitis was obtained 

by Polya in 1905 {10) and Rich and Du:f'f in 1936 (11). The prominent feature 

of the pancreatic damage produced by the latter authars was necrosis of the 

vessel walls and associated tissue haemorrhage. Recently, this type of 

vascular injury, inclUding the destruction of elastic fibres, has been 

attributed to elastase {12). It has been said that the role of the enzymes of 

the exocrine pancreatic secretion in the pathogenesis of pancreatitis will 

remain obscure until the pbysiological and biochemical mechanisms involved in 

their synthesis, activation, secretion and particularly inhibition are more 

fully understood (13). 

In considering the action of intracellular enzymes and the part 
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they play in the destructive process in acute pancreatitis, it is noteworthy 

tha.t, a.fter death, the pancreas undergoes rapid autolysis and, with the 

possible exception of the mucosa of the gastro-intestinal tract and the 

adrenal cortex, is the most rapidly autolysed body tissue. Autolysis in 

necrotic tissue involves displacement of the n~ equilibrium between 

synthetic and catabolic activities (14). 

It bas been shCMn tha.t the pancreatic cell contains acid hydrolases 

which probably are lysosom.a.l enzymes (15, 16). The lysosane concept was 

originally formulated by de Duve et ~· in 1955 (17) to explain the 'latency' 

in sucrose suspensions of certain hydrolases, mainly nucleases, phosphatases, 

and cathepsins. These workers suggested that lysosomal enzymes may mediate 

pbysiological or pathological cell destruction. In amphibian metamorphosis, 

marked increases in activity of several lysosomal enzymes (cathepsins, 

beta-glucuronidase, and acid phosphatase) have been demonstrated in the 

regressing tail (18). It bas long been suspected tbat cathepsins and other 

intracellular acid hydrolases participate in aseptic autolysis and necrosis 

of tissue, but no satisfactory explanatian bas been given of the processes 

responsible far their activation in dying or dead cells. 

de Duve and Beaufay (19) reported that the earliest change observed 

in iscbaemia in a rat liver lobe was the release of hydrolases. Holtzer and 

Van La.ncker (20) investigated the fate of hydrolytic enzymes during controlled 

autolysis of meuse pancreas and found that rupture of zymogen granules, 

leading to the release of amylase and ribonuclease, is one of the first 

measurable events, and showed also that granules containing ac id phosphatase 

are relatively more resistant to autolysis than are liver lysosanes. Beaufay 

and de Duve (21) observed tbat the addition of trypsin, chymotrypsin and 
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pancreatin resulted in the release of five acid hydrolases, including 

cathepsin, fran a rat liver preparation. On the other band, Greenbaum. and 

Hirschkowitz (15) demonstrated activation in vitro of trypsinogen by 

cathepsin B, and presented evidence that endogenous trypsinogen in extracts 

of dog pancreas is activated under the same conditions. The role of the 

intracellular enzymes in the initial stages of acute pancreatitis and their 

interrelationship with the enzymes of the exocrine secretion are not well 

understood. Significant elevations of serum beta-glucuronidase have been 

observed in pancreatitis (22). The tissue damage that occurs in the 

Shwartzman reaction (one of the methods of inducing experimental pancreatitis) 

has been attributed recently to the release or activation of intracellular 

hydrolytic enzymes, efiected by endotoxin, fran granules of infiltra ting 

polymorphonuclear cells at the site of injection (23). On the other band, 

potentiation of the local haemorrhagic Shwartzman reaction by trypsin has 

been reported by Antopol and Chryssanthou (24); and heparin, which inhibits 

the Shwartzman phenamenon (25), inhibits the action of trypsin also (26). 

During most for.ms of tissue degeneration, whether induced by ischaemia, 

anaxia, or trauma, autolytic processes (effected by intracellular enzymes) are 

supplemented by the 'heterolytic' contribution of invading cells (27). 

The significance or such a heterolytic mechanism in acute pancreatitis is 

unknown. 

other agents which have recently been cited in the pathogenesis of 

acute pancreatitis are bradykinin, elastase, and collagenase. The ability or 

braeykinin to cause vasodilatation, increased vascular permeability and 

leukocyte accumulation suggests the possibility that this enzyme may be 

concerned in pancreatitis; the pancreas contains large quantities of 

trypsinogen and kallikreinogen, both of which when activated are capable of 
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releasing bradykinin fran its precursor, bradykininogen. (28). Schneider 

ll al. (12) injected pancreatic elastase into the pancreatic ductal system 

of dogs and thereby induced pancreatitis; the vascular injyry was comparable 

to that of the spontaneously occurring disease. The presence of collagenase 

in pancreatic tissue bas been suspected for sane time, but only recently has 

its activity been clearly distinguished from that of trypsin and chymotr.ypsin 

(29). It bas been postulated that, in acute pancreatitis, collagenase initiates 

the process of parenchymatous disruption, after which trypsinogen is converted 

to trypsin with additional digestion of tissue(;o). 

It is obvious from the preceding brief considerations that a better 

understanding of the pathogenesis of acute pancreatitis must await elucidation 

of several pertinent points which relate to the complex enzymatic mechanisms 

involved: 

1. The role of intracellular hydrolases, especially cathepsins, in initiation 

of aseptic autolysis and activation of precursors of exportable pancreatic 

enzymes. 

2. The part plqed by collagenase in the destruction of collagen in pancreatic 

septa and vessel walls. 

3· The extent of the catalytic and autocatalytic role of trypsin and its degree 

of inactivation by pancreatic trypsin inhibitor. 

4. The importance of the bradykinin system. 

5. The role of the proelastase--elastase system in the production of vascular 

injur.y, and the progression of pathology in the early stages of acute 

pancreatitis; this particular point constitutes the subject of this 

thesis. 
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The essential bistopathological features of acute pancreatitis, as 

it occurs spontaneouszy in man and as produced e.xperimentalzy 1n animals, 1n 

order of increasing severity, are: 

Oedema and inflammatory cellular infiltration of interst~tial spaces; 

Necrosis and disintegration of acinar cella; 

Intrapancreatic and extrapancreatic fat necrosis; and 

Haemorr~e from necrotic blood vessels. 

All gradations occur in the experimental and the naturalzy occurring disease. 

Oedema, inflamma.tory cellular infiltration and parenchyma.l necrosis are canmon 

expressions of inflammatory processes in all organs. Fat necrosis and the 

peculiar variety of vascular necrosis with haemorrhage are distinctive and 

unique characteristics of pancreatic inflammation. The lesions may be 

confined to the pancreas or they may involve contiguous structures or may 

even be widespread throughout the abdominal cavity. Acute haemorrhagic 

pancreatitis is accampanied by an extravasation of bloody fluid which may be 

of sutficient magnitude to produce sanguineous ascites. 

A: OEDEMA 

In the milder forma of pancreatitis, varying amounts of oedema fluid 

are lost into the interstitium of the gland and surrounding .tissues. Oedema 

m~ occur in any area of the pancreas but usualzy is more severe in the head. 

The region affected becames pale and indurated and its blood vessels more 

congested (31). Popper (32) accepta the concept that oedema is the earliest 

response of the pancreas to injury and that necrosis and ~orrhage represent 

advanced stages of oedematous pancreatitis: he frequentzy noted that a 
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pancreas which was only oedematous at the time of laparot~ was necrotic a 

few d~s later at autopsy. He and his associates (33) fouml that temporary 

occlusion of the pancreatic arteries transfor.med into pancreatic necrosis the 

pancreatic oedema which had been produced b,y duct ligation and exocrine 

stimulation. On the ether hand, it has been suggested (34) that haemorrhagic 

pancreatitis differs from pancreatic oedema both pathologically and biochem

ically, although oedema is a prerequisite to the development of necrosis. 

Safadi, Pfeffer and Hinton (35) made a closed duodenal-loop obstruc

tion in the dog and produced haemorrhagic pancreatitis. Histological studies 

shœed that the earliest lesion was an extravasation of red blood cells that 

disrupted and interfered with parencbymal nutrition at the acinar level. 

They concluded that a vascular lesion quickly initiates fulminating 

pancreatitis. Further experimente b,y the same group, in wbich sterile 

polyethylene microspheres were injected under controlled pressures into the 

superior pancreatico-duodenal artery of dogs, resulted in varying degrees of 

pancreatitis, oedematous through haemorrhagic (36). The severity of the 

lesion was inversely proportional to the size of the microspheres. 

Morris (37) studied the development of pancreatic necrosis in the 

meuse b,y observing the chronological events that followed ductal ligation in 

an exteriorized pancreas with an intact blood supply in a cbamber under a 

microscope. The most important irreversible change was oedema of the inter

calated ducts, whichwas accampanied by dilatation of acini and decreased 

capillary flow with sludging. Tissue ischaemia and, finally, acinar rupture 

with interstitial haemorrhage occurred terminally. Thal (38) found that when 

bile was injected forcibly into the pancreatic duct of rabbits, blood flow 

almost ceased, because of rapid vascular injury; and Anderson (39) observed 

in dogs that portal venous-outflow occlusion converted enzyme-induced 
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pancreatic oedema into severe necrotizing pancreatitis. 

B: FAT NECROSIS 

Perhaps the most characteristic histological alteration of acute 

pancreatitis is the developnent of focal areas af fat necrosis in the stromal, 

peripancreatic fat and fat depots throughout the abdaninal cavity and at times 

in the pleura, pericardimn, mediastinmn ( 4o) , bone marrow ( 41), and brain. 

~s necrosis is caused by the action of pancreatic lipase on the triglyceride 

of the fat storage cella. Fatty acids released by the enzymatic bydrolysis of 

neutral fat canbine with calcimn derived fran blood and tissue fluid to form 

calcimn soaps which are precipitated ,!!'! situ. Liberated glycerol is reabsorbed. 

The replacement af neutral fat by calcimn soaps and fatty-acid crystals, and 

the attendant inflammatar.y reaction, produce the characteristic gross and 

microscopical appearance of fat necrosis. When grossly visible, the lesions 

are small white, grey or yellowish plaques on the surface of the organs or 

peritonemn. On microscopical examination the vacuolated fat cella a.ppear as 

shadowy outlines of cell membranes filled with pink, granular, opaque precipi

tate, corresponding to fatty acids. Depending upon the amount of ca.lcimn 

deposition, amorphous basophilie precipitate may be visible within the necrotic 

focus. Leukocytic infiltration is confined to the periphery of these areas 

and there is no white-cell aggregation in the central areas af fat necrosis. 

Fat necrosis frequently occurs in and about the pancreas in the 

absence of haemorrhage or tissue digestion (;4, 42), indicating that the 

mechanisms that protect against proteolytic activity are more effective than 

those acting to offset lipolysis. Lipase is secreted in the active form by 

acinar cella; Flexner (4;) recovered this enzyme in areas of fat necrosis. 

Pancreatic juice of law enzyme concentration produces fat necrosis when it is 
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injected stibcutaneously in the absence of haemarrhagic necrosis (7). Popper 

(44) produced extensive intra-abdaminal fat necrosis experimentally in dogs 

by transecting the pancreatic duct and instituting early postoperative 

feeding to stimulate pancreatic flow in the peritoneal cavity. 

D: P.ARENCHYMATOOS NECROSIS 

Pancreatic necrosis in man presents as numerous yellow, grey, or 

black and red areas, according to the extent and the severity of the necrosis, 

infarction and haemorrhage which occur concamitantly but in different degrees 

in various zones of the organ. If the disease progresses without resolution, 

infection by intestinal bacteria produces suppuration and may result in 

pancreatic abscess formation. 

Microscopica.lly, various stages of cell disintegration ma;y be seen. 

The cells are pale and their nuclei stain poorly. In more severely damaged 

regions a1l structure is lost in the stroma, acinar cells and islet tissue 

alike. The necrotic areas are demarcated from normal tissue by a zone of 

debris and a la;yer of inflammatory cells. Liquefaction of necrotic tissue, 

haemorrhagic collections and retention of pancreatic secretion result in the 

formation of cystic structures within the zones of demarcation. The histo

logical reaction patterns of the canine pancreas to the injection of bile 

and trypsin under the experimental conditions described by Beek and his 

associates (45) were quite dissimilar. The reaction to the injection of bile 

was that of almost immediate {within five minutes) coagulation necrosis of a 

part of a lobule; although seme oedema was se en in the sept a, cellular 

inflammatory reaction was not a striking feature. The histological pattern 

in trypsin pancreatitis also was focal: the earliest response was a marked 

reactive byperaemia with vasodilatation of the capillaries, followed by inter-
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stitial haemorrhage; ma.ny of' the acinar and isJ.et cells in the invoJ.ved. areas 

had disappeared. The rapid cytolysis suggested liquefaction necrosis with 

J.oss of' structure in the invoJ.ved area. 

The details of' cell damage and cell death in spontaneous as weJ.J. as 

in experimental pancreatitis are unknown, and the roJ.e of the exportable and 

intracelluJ.ar pancreatic enzymes and their interreJ.ationship is but poorly 

understood. 

D: HAEMORRHAGE 

The haemorrhagic component of acute pancreatitis may be minimal to 

extreme. In mil.der cases the interstitium. is sut:f'used with red bJ.ood cells 

and fibrin clots and, in severe instances, large areas of' the pancreatic 

substance are converted into a bJ.ood cJ.ot. Arterial or venous thrambosis and 

erosion of bJ.ood vesseJ.s by activated pancreatic en~s resuJ.ts in haemorrhage 

into the pancreas, the retroperitoneaJ. tissues, and even into the boweJ. (3J.). 

The first to describe necrosis of' the vesseJ. walls in experimental 

pancreatitis was Rosenbach (46), in J.9ll. Necrosis of the media in the 

smalJ.er arteries, invoJ.ving the entire circum.f'erence or J.imited to only a 

small portion was reported in J.932 by LowenthaJ. (47) in acute pancreatic 

necrosis in man. In J.936 Rich and Dut:f (11), in their excellent contribution, 

emphasized the importance of' the vascuJ.ar destruction, which they attributed 

to the action of trypsin; destruction of' a segment of' the vesseJ. wall was 

f'ound in the J.arger vesseJ.s, whereas the whoJ.e circum.f'erence was destrqyed in 

the smaller cnes. The f'irst alterations in the media were aJ.wqs f'ound in the 

outer J.ayer, but in most cases the damage proceeded rapidly to invoJ.ve the 

entire thickness of' the vesseJ. wall. These authors considered the "vascuJ.ar 

J.esion" to be a resuJ.t of, or concomitant with, the pancreatic necrosis, but 
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N'emir and associates (48-50) have shawn that injection into the dog 

pancreas of whole blood that has been incubated with pancreatic enzymes will 

cause severe necrotizing pancreatitis, and concluded that this lesion resulta 

fran the action of sane tax:ic substance produced when blood is digested by 

pancreatic enzymes. Anderson {39, 52) and Anderson and Bergan {51) demonstrated 

the characteristic vascular injury in acute haemorrhagic pancreatitis, consist

ing of arteritis, phlebitis, thrombosis of venous channels, and destruction of 

smaJ.l blood vessels. They believe that blood extravasated into the inter

stitium. of the pancreas during an attack of acute pancreatitis m~ incubate 

with retained pancreatic enzymes and ~ produce a tax:ic agent which is 

responsible for the progression to pancreatic necrosis • 
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In the last fifty years, clinical and experimental stud.ies bave 

shown that the causes of acute pancreatitis are varied and that several 

factors ~ precipitate the disease; indeed, Sterling (53) bas enumerated 

sixty-six possible aetiological factors. The literature on the subject is 

extensive and rather confusing, and it is timely to review certain pertinent 

concepts, based on clinical and experimental data. 

A: INFEO'.riON 

No specifie infective factors have been identified fram cases of 

acute paricreatitis, but its occasional association bas been reported with 

mumps (54, 55), typhoid fever (56), scarlet fever (57), streptococcal food 

poisoning (58), dysentery (59), and Candida albicans infections (60); also, the 

beneficial effect upon co-existing pancreatitis of the eradication of biliary

tract disease (61, 62) strongly suggests an infective origin in such cases. 

Blood-born infection as a cause of pancreatitis has been proved 

experimentally by transmission of Coxsackie virus in animale (63) and in man 

(60). However, bacteraemia has not been found in patients with acute 

pancreatic necrosis, and the clinical symptarns and findings suggest a toxaemia 

rather than a blood infection. Injections of bacterial suspensions into the 

pancreatic duct will induce pancreatitis (64); and the mere presence of 

bacteria in the duct markedly increases the severity of the disease when 

combined with ether causative factors (65, 66, 67). Extracts of necrotic 

pancreas are exceedingly tax:ic when injected into the abdominal cavity or into 

the veins of experimental animale, but in !.!!2 autolysis of pancreas fran a 

foetus removed by Ca.esarean section is innom~ous ( 71) • 
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It seems ths.t, in the majority o:f cases, infection as a primary 

factor is of minimal. a.etiologica.l importance (68), a.lthough it m.113 contribute 

to the severity o:t the disease. Several investigators (69, 69a, 69b) have 

shown the value of antibiotic thera.py in bile-induced pa.ncreatitis, and it is 

known that bacterie. and their toxins lllSl' produce small-vessel thranbotic 

occlusions in the pancreas which m.113 convert inflammation to tissue necrosis(70). 

One o:t the factors involved in the closed duodena.l-loop preparation developed 

by Pfe:ffer .!!!, al. ( 72), which consistently produced a type o:t haemorrhagic 

pa.ncrea.titis, 118\Y have been the reflux o:f infected duodenal contents into the 

pa.ncreatic ductal system. Pancrea.titis did not develop with this preparation 

when the pancreatic ducts were ligated (7;) or when gentian violet was instilled 

into the closed duodenal loop (74). 

B: OBSTRUCTION, BYPERSECREION, AND REFLUX OF BILE 

The importance of a mechanical factor of obstruction a.t the pçilla. 

of Va.ter, with subsequent reflux of bUe into the pancreatic ducta.l system, 

was :first stressed by Opie {5-7), who propound.ed the 'canmon-cha.nnel' theory 

of pancreatitis in man. He and subsequent adherents of this concept suggested 

that it wa.s the retrograde passage o:t bUe into the pa.ncreatic duct which 

initia.ted pancrea.titis, either by activation o:t pancrea.tic enzymes or by the 

introduction o:t infection. It was soon realized, however, that considerable 

variability e:x:ists in the arrangement and communication between the major 

(Wirsung) and minor (Santorini) pancreatic ducts, and in the frequency of a 

'common channel' ths.t permits free association o:t bUe and pancreatic 

secretion be:fore discharge tbrough the papilla into the duodenum (5;). 

Much has been written about the incidence of a common channel in 

man, the reports quoting figures o:t 20 to &:/fo (75-79). Precise etudies in 
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which injection and dissection were carried out in unselected necrops.y 

material showed a 'camnon-channel' configuration in ;tJ - 40% (Bo, 81). 

Janowitz and Dreiling (82) found evidence of a functional camnon channel in 

67.~ of a large series of normal subjects, and Dragstedt et al. (8;) stated 

that obstruction in the region of the papilla of Vater p~s an important 

aetiological role in 6o - 7~ of cases of acute pancreatitis. 

Even when a cammon channel does exist, however, the actual reflux of 

bile into the pancreatic duct system depends upon the pressure gradients 

in the biliary and pancreatic tree. Harms (84) bas shawn in unanaesthetized 

dogs that at the height of digestion the secretory pressure in the pancreatic 

ducts is higher than in the biliary tree, permi tting flow on4' fran the 

pancreas to the biliary tract; and others (85-88) have found that secretory 

pressures in the pancreatic ducts are higher than those in the biliary tract 

after meals, after specifie stimulation of pancreatic and biliary flow, or even 

in the resting state. That reflux can occ.ur, however, is denionstrated by the 

fact that same segment of the main pancreatic duct ~ be visualized during 

T-tube cholangiograplzy' (89): retrograde filling of the pancreatic ductal 

s.ystem occurred in 18% of the human subjects in whan Mallet-Gey and Giuria (90) 

performed cholangiography during surgery, and in 35rJ; in Ivy and Gibbs 1 series 

(65) during operation and postoperatively. Also, on rare occasions, Gaillard 

(91) bas observed acute pancreatitis developing after T-tube cholangiography 

postoperatively. Elliot, Williams and Zollinger (92) have presented evidence 

which suggests that although, initially, pressure in the obstructed pancreatic 

duct of the dog exceeds that of the obstructed cammon bile duct, the two 

pressures approach one another after 24 hours' obstruction, so that regur

gitation of fluid from bile duct to pancreatic duct is possible if a cammon 

channel exista. They also showed that bile or unincubated mixtures of bile and 
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pancreatic juice, inf'used at 4o mm. water pressure, enter the pancreatic 

ducts of dogs in only sma11 quantities. When the bile is incubated with 

pancreatic juice or trypsin and then injected into the pancreatic duct at 

the same pressure it is readily accepted by the pancreas. Herme.nnand Knowles 

(93) united the biliary and pancreatic ductal systems of dogs into an obstrue-

ted canmon system and found that bile reflux occurs after 24 to 30 hours; 

bile flowed into the pancreatic duct and in some cases was found in pancreatic 

tissue at necropsy. Radiocinemanometric studies by Caroli ~ al. (94), during 

biliary-tract perfusion through a T-tube, showed that, at pressures of 250 -

300 mm. bile, reflux into the pancreatic duct occurred in a high percentage 

of cases; but they also maintained that sphincter spasm resulted 1n isolation 

of the biliary and pancreatic ducts, a situation that would mitigate against 

reflux and pancreatitis. This point has been stressed also by Paulino-Netto 

et al. (95), who used T-tube cholangiography to demonstrate the absence of --
spasm of the sphincter of Oddi in 15 cases of pancreatic ductal reflux. 

Considerable importance has been attached to the observation of Mann and 

Giordano (75) tha.t during vaniting the pressure in the biliary tract mey 

ri se to 1000 mm. bUe: any slight obstruction at the camnon outflow into the 

duodenum would cause regurgitation into the pancrea.tic duct. 

From the preceding data. it seems reasona.ble to assume that under 

normal conditions pancreatic ducta.l pressure is higher than biliary pressure, 

but that, when a cammon channel exista, obstruction a.t the ampulla of Vater, 

forceful contraction of the gall bladder or increa.se in intra.-abdominal 

pressure mey cause bile to be regurgitated in the pancreatic duct. The 

significance of bile reflux in pancreatitis has been challenged by experimental 

work in which the entire biliary flow wa.s diverted under pb;ysiological pressures, 
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through the pancreatic ductal. system in goats (108, 109) and in dogs (llO, lll), 

without serious consequences. !rhus, even accepting the eypothesis that bile 

is regurgitated into the pancreatic ductal. system, its precise role in the 

development of acute pancreatitis is not eas,y to understand. When bile is 

injected. under high pressure it infiltrates pancreatic tissues and exerts its 

tax:ic effect, and invariably lea.ds to necrosis; when it is injected under law 

pressure, on:cy small a:mounts enter the pancreas and no necrosis occurs (112}. 

Thal. (;8) has demonstrated that the presence of bile in the interstitial 

tissues mey initiate pancreatitis through a vascular effect, including stasis 

and arteriolar spasm.. 

Dra.gsted, ~ond and Ellis (8;) pointed out that the direct cause 

of necrosis was the toxic property of bile sal.ts; and they al.so expressed the 

view that bile does not activate trypsinogen. The latter view bas been confirmed 

by ethers (lll, 113), and sane workers (114, ll5) have shawn al.so that trypsin 

is inhibited by bile. Dra.gsted and his group (8;) drew attention to an increase 

in the tax:icity of bile with the absolute content of bile sal.ts, and it bas 

been shown (116) that tree bile acids are more toxic than conjugated. Conju

gation with glycine and taurine occurs in the li ver, and bile ac ids exist in 

the bile only in the conjugated form. Clostridia and enterococci, which mey 

be present in bile when the bilia:ry tract is infected, mey effect deconjugation 

of bile acids (117, 118); thus, reflux into the pancreas of bile which contains 

tree bile acids might give rise to acute pancreatitis (119). 

Rich and Duff (7) have emphasized that the important factor 

predisposing to pancreatitis in humans in whan the anatanical. camnon channel 

is present is the pancreatic-duct obstruction rather than bile regurgitation. 

Obstruction of the sphincter of Oddi at the ampulla of Vater mey be due to spasm 

of the sphincter (96}, calculus (5), oedema (97), fibrosis (98), bypertroplzy' (99), 
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and ether causes, includ.ing twnour of the outflow tract. .Al.though 

obstruction of the pancreatic duct or ductules by twnour, stone or epithelial 

metaplasia (7} mey lead to pancreatitis, cœplete obstruction by ca.rcinoma of 

the head of the pancreas us~ does not, even when serwn en~e levels are 

elevated (loo-102}. 

Experimental etudies bave f'urther emphasized the significance of 

complete or partial obstruction of the pancreatic ducts, especially when it is 

combined with stimulation of the secretory activity or imp~ent of the blood 

supply (10;, 104}. Food, pilocarpine, acetyl choline, secretin, direct stimu

lation of the vagus (105} and mecholyl (lo6} bave been used as secretory 

stimulants in dogs after ligation of the duct, and haemorrhagic pancreatitis 

has been induced in dogs by obstructing the duct intermittently during a four

d~ period while pancreatic secretion was stimulated by secretin and urocholin 

(107} and by anastomosing the pancreatic duct to the common bUe duct before 

injecting morphine to induce spasm of the sphincter of O:ldi (;4). 

In about 5~ of human subjects a functioning accessory pancreatic 

duct mey partly relieve obstruction of the main pancreatic duct. In a smaJ.l 

percentage of cases, however, in whœ the duct of Santorin! is the only one 

functioning, acute pancreatitis often is fatal (l;}. 

Simple pancreatic-duct obstruction in dogs us~ resulte only in 

the development of high intraductal pressure which leads to oedema, congestion, 

and focal ba.emorrhage and subsequent atroplzy' of the gland (120, 121). Hong 

et al. (122} produced oedema, leukocytic infiltration and acinar degeneration 

by obstructing the main pancreatic duct in rabbits; and Zelander and his group 

(12;} have shawn, with electron microscopie etudies on rat pancreas, that 

stasis resulting from occlusion of the outflow of pancreatic secretion for 
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2 - 4 d~s causes damage that varies more fran one acinus to another than 

within them. In these latter studies the induced c,ytological events were a 

reorganization of the eniioplasmic reticulum, reduction in the number of zym.ogen 

granules, mitochoniirial swelling, increase in size of Golgi vacuoles surrounded 

by a thin rim of cytoplasm and, fin~, occasional cell death and. rupture of 

the acinus with leakage between the acinar lumen and the interacinar spaces. 

C: V ASCULAR FAarORS 

For many years it has been considered that local vascular distur

bances mey initiate pancreatitis by intertering with the pancreatic circulation 

and. mey also accelerate pathology iniiuced by other agents. Because of special 

interest in this particular aspect of the aetiology, signiticant contributions 

to the relevant literature will be reviewed. 

1. Permanent Local Ischaemia 

Pancreatic haemorrhagic intarcts but not pancreatitis were produced 

by injection of various substances (particles of wax, lycopodium powder, 

petroleum, and various types of oil) into pancreatic arteries, with or without 

subsequent ligation of the particular vessel, by Panum (124) as early as 1862, 

and. subsequently by Lepine and. others (125-128). Langerhans (129) wa.s the 

first to report, in 1890, iniiuction of acute pancreatitis by mass ligation of 

vessels to and. t'rom the pancreas wi th transection of the gland. at one . or more 

levels. 

In recent years m.ock et al. (130) have shown that complete 

devascularization of large portions of rat pancreas causes ischaemic intarction 

and, occasionally, acute pancreatitis with parencPyma.tous and fat necrosis varied 

in severity according to the degree of arterial obstruction. Sata.cli et ~· 

(131) induced haemorrhagic pancreatitis in dogs by injecting plastic micro-
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spheres und.er controlled pressures into the pa.ncreatic arteries; the most 

severe ~esions deve~oped with the smallest microspheres (8 to 20 p.) wben 

the se were injected into the superior pa.ncreatico-duode~ artery. 

2. Transient Ischaemia 

Blume (~32) in ~897 was the f'irst to report the deve~OlJ!I.ent of' ~ocal 

ischaemia and small f'oci of' necrosis when digital pressure was app~ied to the 

pancreatic vesse~s in cats for ~0 minutes, and Beneke (133), discussing these 

observations, remarked tha.t the necrosis produced by vascul.ar compranise 

und.erl.ey the specifie autodigestion seen in acute pa.ncreatitis. Popper ~ !!:1• 

(103) f'alled to produce pa.ncreatitis in doge by ~igation of' the ducts canbined 

with stim~ation of' the exte~ secretion of' the g~and, but the addition of' a 

clamp to the gastro-duodenal artery for ~5 minutes, in the presence of' oedema 

provoked by intraductal injection of' normal. saline, res~ted in pa.ncreatic 

necrosis in direct proportion to the degree of' pre-existing oedema. 

3· Disturba.nces of' the Nervous Regu].ation of' Blood Flow 

Rebo~ (~34) stim~ated the ~ef't spla.nchnic nerve a.fter ligation of' 

the major duct in dogs a.nd guinea pigs and produced changes of' a.cute pancrea

titis of' s~ight to severe degree in ~~' and Longo ~ .!!• (~35) obtained 

simila.r re~ts. Meng\:l;y" and his group (104) liga.ted both pa.ncreatic ducts, or 

created local vasc~a.r disturbances, or cambined both procedures, in 45 doge 

and 13 cats: when both ducts were ligated in recently fed doge, ~esions of' 

acute pa.ncreatitis with necrosis develaped; when ductal ligation was canbined 

with liga.tion of major pancreatic arteries or veina, or with stimulation of the 

left splanchnic nerve, severe acute pa.ncreatitis ensued; this did not develop 

with vascular disturba.nce a.lone, auch as obstruction of pancreatic arteries or 

veina or simple stim~ation of' the lef't spla.nchnic nerve • 

In discussing their resulta with stimulation of' the lef't splanchnic 
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nerve, Menguy and his group admitted that they were a.t variance with earlier 

reports (134-137), but pointed out that canparison of the al.terna.tions they 

observed microscopically a.fter nerve stimulation with photamicrogra.phs 

published by Mallet-~ and his a.ssocia.tes (136) showed essentially simila.r 

changes: the difference was one of definition. 

4. Va.scula.r Spa.sm of Tax:ic Origin 

Thal and Molestina. (138) reported a method for producing regula.rly 

haemorrhagic pa.ncrea.titis by the injection of dilute sta.phylococcal. tax:in a.t 

a pressure of 20 mm. Hg in ra.bbits (in which they observed the sequence of 

events under direct vision) and in dogs; the ducts were liga.ted in each 

instance. The pancrea.tic necrosis so prod.uced wa.s the result of toxin-induced 

prolonged and pro:found vascular spasm in the interstitial blood vessels, with 

resultant suppression of pancreatic circulation. Animale which received toxin 

neutra.lized with specifie antitaxin or heat-ina.ctiva.ted toxin did not develop 

pancrea.titis. 

5. Small-vessel Thrambosis 

Experimenta.lly induced increa.se in venous pressure does not al.w~s 

lea.d. to acute pancrea.titis. Thus, Couvela.ire and Bargeton (139) produced 

venous stasis in the pancreas by injecting a. ?Plo solution of sodium salicylate 

into a major pancrea.tic vein but fa.iled to induce pa.ncrea.titis; and when Beek 

and Peterson (140) increa.sed venous pressure by partial. obstruction of the 

in:ferior vena. cava. in rats they produced on.:cy- ca.pilla.ry congestion and atrophy 

of the glandular elements. On the other band, Thal et .!!• (70) produced 

ful.mina.ting pancreatitis by intra.d.uctal. instillation of 5 ml. of an !• coli 

6 suspension in a concentration of 10 organisme per ml., when ductal. 

obstruction was present; the characteristic feature at the experimental. lesion 

was thranbosis at the ca.pilla.ries and sma.ll venules. Also, extensive 

experimentally induced thranbosis of pancreatic veina bas been shawn to cause 



page 22 

a necrotizing form of pancreatitis in dogs (~4~) that is reminiscent of the 

'wet gangrene' that deve~ops in association with venous obstruction e~sewhere. 

With Pteffer ~ ~·' s c~osed duodenal.-~oop preparation (72), in 

which bi~e was can.p~etely e~imina.ted by dividing and ~igating the camnon bile 

du ct, the ensuing acute pancreatitis was produced mainly by a vasc~ar injury 

that consisted of congestion and tbranbosis of capi~ies and tbin-w~ed 

veins. Hard.awey and Mc:Ka;y" {~42) induced acute haemorrhagic necrosis in dogs 

by means of iJ1.tra-aortic injection of inccmpatib~e (human) blood, producing a 

reaction that wa.s associated with intravasc~ar c~otting in the pancreas as 

well as in other organs. The sim~taneous occurrence of acute pancreatitis 

and ~ower-nepbron nephrosis following transfusion of incanpatib~e blood has 

been reported by Ackerman al.so (~43); and Campbell (144), who induced intra

vasc~ haemolysis by injection of deaxycholate in the rat, produced a serious 

acute inflammator.y lesion in the pancreas as well as a ~ower-nephron nephrosis. 

It is interesting to real.ize in the ~ight of these considerations that, at 

necropsy, capillar.y and venous thromboses are consistent~y present in acute 

pancreatic necrosis in man (3~). 

6. Shwartzman and At"thus Sensitization Reactions 

Fulminating haemorrhagic pancreatitis in rabbits and gœts has been 

reported (~45) after sensitization of pancreatic b~ood vesse~s to meningococcal 

or E. coli endotoxin which was injected into the pancreatic duct at pressures 

between 15 and 25 lmll. Hg; this injection was followed by ligation of the duct 

and by intravenous injection of the same tax:in 24 hours later. Pancreatic 

necrosis did nat develop in arry of the contro~ experimenta, in which the 

challenging intravenous dose of tax:in was anitted. Capillar.y and ven~ar 

hyaline thrambosis were demonstrated histalogical.ly in every case of pancrea

titis, and it was suggested that in this local Shwartzman reaction the initial 
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lesion is vascular and the subsequent fulminating destruction is enhanced by 

the action of pancreatic ferments. It is interesting that recent etudies (24) 

have shown that the local Sbwartzm.an reaction is potentiated by trypsin and a 

certain degree of inhibition of the phenomenon is e:f':f'ected 1'zy crude soybean 

trypsin inhibitor. 

Thal and Brakney (145) believe that, in pancreatitis in man, toxins 

or various micro-organisme present in bile or duodenal contents mey sensitize 

the pancreatic blood vessels; the local reaction is readily provoked in such 

sensitized tissue by unrelated substances which mey find access to the s.ystemic 

circulation. Thal (146) subsequently suggested another method of producing 

both acute interstitial and acute haemarrhagic pancreatitis in the rabbit, 

mairt:cy by producing the Arthus sensitizing reaction. Ductal injection of the 

antigen in highly sensitized rabbits after earlier intravenous and stibcutaneous 

injections produced severe pancreatic necrosis. Histologie~, the capillaries 

and venules in and around the areas of necrosis were occluded by hyaline or 

leukocytic-fibrin thranbi. 

7. Vascular In,jury of Taxie Origin 

Nemir and associates (49, 50) mixed whole blood and pancreatic juice 

and incubated it for 24 - 28 hours at 37° c.; this material produced lethal 

necrotizing pancreatitis when injected into the main pancreatic duct of dogs, 

although the animale which received only one constituent survived. The 

mixture contained an abnormal haemin pigment, a haemochromogen-like substance, 

which was thought to result fran red-cell haemolysis caused by bacteria. A 

similar haemin pigment has been :f'ound. in the intestinal lumen of dogs which 

have strangulation obstruction (147, 148), in the plasma of dogs which have 

died of irreversible haemorrhagic shock (149), and in the peritoneal fluid 

of animale which have necrotizing pancreatitis (39). It is thought that this 
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lethal agent ~ contribute to the :progression of :pathology in acute 

:pancreatitis as well as to the systemic tax:icity of :pancreatic necrosis. 

Anderson and his group (150) :produced a similar type of necrotizing 

:pancreatitis by injecting an incubated mixture of autologous whole blood and 

sterile lyo:phylized try:psin into the :pancreas of the dog; when ase:ptic 

:precautions were em:ploye-d to obtain autologous dog blood the material usual.ly 

was sterile after 24 hours. In addition to :parencby.mal necrosis, they found 

oedema, leukocytic infiltration, fat necrosis, and a characteristic vascular 

lesion consisting of arteritis, :phlebitis, and tbrambosis of small arteries 

and veins. Anderson (52) later suggested that blood extravasated into the 

interstitium during an attack of acute :pancreatitis ~ incubate with retained 

:pancreatic enzymes and ~ :produce a taxie agent which in turn damages the local 

blood su:p:ply and initiates :pancreatic necrosis. However, he also stated that 

the mechanism res:ponsible for the :pancreatic haemorrhage is not clear, that the 

mode of action of the vasotaxic agent :produced is unknown, and tbat the gross 

and microscopie features of human and experimental lesions have many character

istics of a hy:perimmune reaction. The same author suggested recently (39) 

that :partial venous-outflow occlusion ~ convert try:psin-induced :pancreatic 

oedema into severe necrotizing :pancreatitis; venous obstruction, he reasoned, 

:prevents absorption of enzymes from the interstitial areas, where they ~ act 

u:pon extravasated fluids to :produce substances which destroy :pancreatic blood 

vessels and cause :parencby.mal necrosis. 

8. Direct Ef'fect of ProteoJ..ytic Enzymes on BJ.ood Vessels 

Rich and Duff (7) described what they believed to be a characteristic 

lesion of human and experimental :pancreatitis, mainly a rapid necrosis of 

arteries and veins which is fallowed by either thrambosis or haemorrhage. They 

:postulated that this vascular injury is due to try:psin, and showed that a 
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similar vascular lesion could be produced in vessels elsewhere in the body, 

e.g., in the subcutaneous tissue of dogs on injection of trypsin or activated 

pancreatic juice; inactivation of trypsin by heat destrqyed its necrotizing 

power. They also advanced the concept that, in the m.a.jority of cases, escape 

of pancreatic juice into the interstitial tissues of the pancreas is caused by 

partial obstruction of the pancreatic outflow tract by epithelial metaplasie. 

or by ca.lculus materia.l, with resultant destruction and rupture of ductules 

and acini behind the obstruction. However, Beek and his group (45) recently 

expressed the opinion that the vascular injury described by these authors was 

due to the presence of elastase in their trypsin preparations and in the 

activated pancreatic juice. Schneider et al. (12) have shown that pancreatic 

elastase injected into the pancreatic duct of dogs consistently induces 
-

haemorrhagic pancreatitis, with vascular changes identical to those of 

spontaneous pancreatitis in man. It has been shown also (112) that pancreatic-

duct obstruction ~ ~ is insufficient to produce pancreatitis; ligation of 

the ducts merely leads to pancreatic oedema and ultima.tely to atrophy of the 

acinar tissue (121). 

9. Role of the Bra.d:ykinin System 

The extreme 'glass,y' oedema of acute pancreatitis is seldam seen to 

a canparable degree in disease of any other viscus. The fluid is rich in 

protein and, in spite of the rapidity of its development and sprea.d, there is 

little inflamma.tory cell reaction. The rapid accumulation of oedema within 

the confines of the pancreas mey result in an impaired blood supply, since the 

swelling is restricted by the capsule. 

The pain associated with pancreatitis is unduly severe. The ability 

of bra.dykinin to cause pain (151), vasodilatation (152~ increased vascular 

permeability (153) and smooth-muscle stimulation suggests a role for this 
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polypeptide in acute baemarrhagic pancreatitis. The pancreas contains ample 

stores of trypsinogen and kallikreinogen; both these precursors, when activated, 

may release bradykinin and related polypeptides (155). Furthermare, the brady

kinin precursor, bradykininogen, is a normal pseudoglobulin of plasma, lym.ph, 

and interstitial fluid, and as such is amply available to the pancreas (154). 

Bradykinin is a nonapeptide of known composition (156) and bas been s,ynthesized 

(157, 158); it is similar, if not identical, to kallidin, the prcxluct of 

activation b,y contact with plasma of kallikrein, a substance found in various 

glandular tissues. !A substance that resembles bradykinin is a local mediator 

of functional vasodilatation of the submandibular gland (152, 159). Amildly 

acid pH reduces the rate of bradykinin inactivation and bas no effect on the 

rate of its release (16o). In view of the fact that a lowering of tissue pH 

bas been reported in pancreatitis (161), the possibility exista tbat the onset 

of pancreatic inflammation may faveur the local accumulation of bradykinin, 

which may then be operative in the pathogenesis of this disease; however, the 

evidence for such a role is inconclusive (162, 16;). 

Ryan et al. (164) recently advanced the concept of local release, 

local action and inactivation of bradykinin in the initial stages of acute 

pancreatitis, manifested by substantial loss of plasma bradykininogen and 

increased vascular permeability localized to the pancreas. The role of 

bradykinin and related vasoactive substances in the production of increased 

capillary permeability, oedema, and pain by local action, and in pancreatic 

shock by a s,ystemic effect, possibly together with other humoral or neural 

mechanisms, awaits further investigation (165). 

D: MET.ABOLIC AND NUTRITIONAL FACTORS 

1. .Alcoholism 

Alcoholic intoxication frequently precedes or appears to precipitate 
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acute pancreatitis (166-169); and it is often associated with mild pancreatic 

oedema or subclinical acute pancreatitis, as evidenced by elevation of blood 

amylase (170, 171) and lactescence of blood serum (172). Since Friedrich's 

description of the "drunlœrd' s pancreas" in 1878 (17;), the frequent 

association of chronic alcoholism with chronic pancreatitis has been recognized 

(174, 175). The precise mechanism whereby alcoholic intoxication precipitates 

an attack of pancreatitis is not well understood. A direct taxie effect has 

been shawn for methyl alcohol (176, 177, 179), but there is no evidence for 

such taxicity for the etbyl derivative (178). Doubilet (88) believes that 

etbyl alcohol, which has no effect on the normal pancreas, can cause acute 

pancreatitis in subjects who have ha.d previous attacks, and attributes the 

sensitivity of the injured pancreas to a metabolic product which in turn acts 

directly on the pancreatic cell. 

Despite the considerable evidence that alcohol may be a direct cause 

of pancreatitis, experimental data to date are inadequate for elucidation of 

the aetiological mechanism. Hong ~ al. (122) produced severe pancreatitis 

experimentally in rabbits by instilling alcohol into the main pancreatic duct 

after this ha.d been obstructed. These findings are interesting when canpared 

with the observation of Weiner and Tennant (18o) who, during a careful study of a 

large number of patients with acute haemorrhagic pancreatitis, found that 

symptoms had developed in 66'/:> after an 'alcoholic spree' • The e:f'fect of 

alcohol on pancreatic secretion has been studied by various pbysiologists. 

~lisa and Starling (181), on the basis of their brilliant work on secretin 

in 1902, suggested that alcohol could stimulate the formation of this hormone 

by a direct action on the duodenal mucosa. Gizelt (182) made extensive studies 

in animals and showed that the effect on the pancreas was not due solely to 

the presence of alcohol in the duodenum and small intestine; he stimulated 

pancreatic secretion in animals by instilling alcohol into the isolated stamach 

or into the rectum, and suggested that the effects reflected a direct action 
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on the pancreas. others (179), however, have shawn that the intravenous 

administration of ethyl alcohol in man to a point of intoxication did not 

increase pancreatic secretion, and patients who had chronic pancreatitis and 

were so treated experienced no immediate or de1ayed effects. 

Alcoho1 stimulates gastric secretion when given orally, intravenously 

or per rectum, or when perfused through an iso1ated loop of small intestine 

(182). Although there is arise in pancreatic secretion after oral administra

tion of eteyl alcohol (179), Brooks and Thanas (18;) observed little stimulating 

effect of dilute etbyl alcohol upon pancreatic secretion when the solution was 

given intravenously or was instilled into the duodenum of dogs which had a 

chronic fistula. The local effect of alcohol on the gastric and duodenal 

mucosa may result in eyperacidity and duodenitis, with oedema of the papillae 

and spasm of the sphincter. Correlation of present-day concepts of the various 

effects of alcohol suggests that there is stimulation of pancreatic secretion 

by the acid-secretion mechanism against ductal obstruction (184). 

2. Ethionine 

In animals, d-1-ethionine (<X..-amino- ~ -etcyl butyric acid) has been 

given to provoke pancreatitis, because of its known ability to interfere with 

protein synthesis (185). The lesions produced varied from atropcy of the gland 

to severe pancreatitis with haemorrhagic necrosis, depending upon the dosage 

schedule (185-188). Ethionine is a metabolic campetitor of methionine and 

its effects are prevented by the simultaneous administration of methionine but 

not cysteine or choline (186). Injection of a single dose of ethionine in dogs 

can produce a decrease in the amount of pancreatic enzymes entering the 

carmulated pancreatic ducts (189). It has been suggested (190) that the first 

effect on the pancreas after its administration is a decrease in the membrane 

permeability of the acinar cell to its enzymes, and that the basic 

cause of ethionine pancreatitis is an interference with enzyme extrusion at the 
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level of the acinar-cell membrane. 

~he ultrastructural changes of rat exocrine pancreas after brief 

exposure to d-1-ethionine (l-5 days) have been studied (191). ~e most 

significant changes were seen in the acinar cella; these camprised loss of the 

regular organization of endoplasmic reticulum, reduction in number of RNA 

particles, re-arrangement of mitochondrial inner membranes, degeneration of the 

Golgi apparatus, and appeara.nce of zymogen granules of aberrant size and shape. 

No distinct changes were noted in the centro-acinar cells during the first 

three days of ethionine administration; these cells appear to be less susceP

tible to its action tha.n are acinar cella, a fact related to the accepted view 

that centro-acinar cells ta.ke no part in the synthesis of pancreatic enzymes. 

Herman and Fitzgerald (192) have reported similar observations. Whether 

pancrea.titis induced by methionine deficiency plays any part in pancreatitis 

in man is only speculative: it is conceivable that alcoholic or postoperative 

pancreatitis may be related to it (190). 

3· :gyperparath,yroidism 

Acute pancreatitis has been noted to camplicate bfperparathyroidism 

(193-195), cancer of the parathyroid glands (196-198), and removal of 

parathyroid adenana (199). The relationship between parathyroid dysf.'unction 

and pancreatitis appears to be more tha.n coincidental, and the latter condition 

has been termed a diagnostic clue to bfperparateyroidism. Mixter et al. (200) 

have reported the association of byperparateyroidism with acute, postoperative, 

recurrent and chronic pancreatitis, with and without pain, and Jackson (201) 

described a family with hereditary hyperparateyroidism with pancreatitis that 

may have been hereditary in nature. 

Fink and Finfrock (202) have stressed the possible relationship of 

pa.ncreatitis to the syndrane of so-called acute parateyroid poisoning, and have 
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postulated a taxie action of parathormone on pancreatic tissue proper; and 

deposition of calcium has been found in areas of intra-abdaminal fat necrosis 

in animals treated with high dosages of parathormone after pancreatic-duct 

ligation (20:;). It mey be that the bypercalcaemia of byperparatbyroidism 

favours deposition of intraductal calculi in the pancreas, leading to 

obstruction and pancreatitis, although local thrambo-arteritis and necrosis 

of pancreatic tissue develop after administration of large doses of parathormone 

(204), an effect that mey be due to the hormone itself or to the high levels 

of calcium. Haverback and his group (ll4) have dem.onstrated experimentally 

that the activation of trypsinogen to trypsin is controlled in a direct manner 

by the amount of calcium ion present, and they believe that this increase in 

trypsin activity mey account for the association of pancreatitis and byperpara

tlzy"roidism. This concept is supported by several reports of pancreatitis with 

co-existent eypercalcaemia not due to parateyroid dysfunction (ll4, 205, 207). 

4. Pituitary and Adrenal Hormones 

Dreiling and his group (206) stud.ied the effect of adrenocortico

steroids upon pancreatic secretion in man and found a reduction in volume, in 

bicarbonate, and in enzyme production -- changes a.ttributed to acinar-cell 

damage. Specifie tubular and acinar lesions can be produced by the administra

tion of ACTH (208), growth hormone (209), deaxycorticosterone (210), cortisone 

(2ll, 212), and cortisone derivatives (208). Furthermore, eyd.rocortisone and 

ACTH aggravate the pancreatitis produced by stylamycin aminonucleoside (208). 

Also it has been shawn that massive doses of cortisone result in interstitial 

inflammation and vacuolization of pancreatic acinar cells (21:;), and pancreatic 

necrosis in cortisone-treated children has been reported (214). The histological 

appearance of the pancreas of steroid-treated rabbits resembles that which 

develops after obstruction of the ducts, and it bas been suggested that these 
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changes resul.t :f'ran increased viscosity o:f pancreatic secretions (21.2}. On 

the other hand, steroids have been given in a variety o:f :forms o:f experimental 

pancreatitis and have been :found to increase the survival rate (150, 215, 21.6). 

Anderson and his group (21.7) :found that adrenocorticosteroids reduced mortality 

in dogs in which necrotizing .pancreatitis was induced by intraductal injection 

o:f enzyme-digested autologous whole blood, and suggested their c1inical use :for 

brie:f periods o:f time early in the course o:f pancreatitis. 

5. other Metabolic and Nutritional Factors 

Seme rare causes o:f pancreatic inflammation will be reviewed brie:fly. 

The pancreatitis o:f essential nyperlipaemia has been attributed to :fat embolism 

to the gland {21.8). other workers {21.9) have :found impaired release o:f the 

heparin-clearing factor and aynthesis o:f abnormal cny1amicrons during the 

interval between episodes o:f acute pancreatitis in cases o:f essential hyper

lipaemia. Also, nyper1ipaemia has been observed in acute pancreatitis (220), 

experimental carticosteroid pancreatitis (221), and pancreatitis camplicating 

pregnancy ( 222). 

Protein deficiency pl~s an important role in pancreatitis of 

nutritional aetiology, e.g., kwashiorkor (22?}) and other malnutrition states 

{224); tubular and glandular degeneration with :fibrosis daminate the histo1ogical 

picture, and these conditions are not considered pertinent to this discussion. 

E: mJURI TO THE PANCREAS 

.Acute pancreatitis may :follow b1unt abdominal trauma {225, 226), 

subtotal gastrectany (227), biliary-tract surgery (228), sphincterotany (229), and 

splenectany (2:30); manipulation of the pancreas during surgery, injury to its 

ductal aystem, especially the duct o:f Santorin! (2?}1), interference with the 

pancreatic blood :flow (2?}2), chemical trauma and pre-existing pancreatic injury 

also may contribute to development o:f the disease. In addition, pancreatitis 
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ms;y deve~op a.fter surgical procedures far removed fran that organ (233), 

especially after prostatic resection (2:;4), and no satisfactory Qy,pothesis bas 

been advanced to exp~ain this. Pancreatic necrosis bas been observed after 

underwa.ter b~a.st injury (235) and e~ectric shock in man (2:;6) and in a.n:lmals 

(237). Anderson and Bergan (2:;8), who investiga.ted the effect of trauma and its 

re~ationship to pancrea.tic inflammation, showed that crushing of the mid-body 

of the pancreas did not of itself produce extensive pancrea.titis in the dog; 

when this injury wa.s com.bined with duct obstruction, the changes were more 

pronounced; when both procedures were combined with exocrine stimulation, necro

tizing pancreatitis deve~oped in same of the animals. 

F: MISCELLANEOOS F .ACTORS 

Bevera.l substances have been shown to have a taxie effect on 

pancrea.tic pa.rencby.ma and to induce pa.ncreatitis -- terrie axide saccha.ra.te 

(239), stylomycin aminonucleoside (24o), and chlorothiazide and its derivatives 

(241, 242), to name but a few. The disease sametimes develops after the 

administration of histamine, thiouracil, and other campounds (210). The 

ability of thiouracil to produce pancreatitis in man is intriguing, since 

propylthiouracil bas been advocated in the trea.tment of this disease. Reid 

et !!.• (243) believe that this compound inhibits energy release and that, as 

a result, the pancreas is placed a.t rest when under the stress of inflammation. 

A milder form of bile pancreatitis bas been observed in animals after administra

tion of' propylthiouracil (244, 245). 

Accidenta! eypothermia due to exposure bas been incrim.ina.ted recently 

as a cause of acute pancreatitis (246, 247). Conversely, a.ttempts have been 

made with hypothermia to reduce pancreatic activity and inf~uence the course 

of' experimental pancreatitis: pancreatic secretion in the dog after pilocarpine 

stimulation was reduced by local cooling (248), but the mortality rate in acute 
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pancreatitis induced b.y the Sbwartzman reaction or by the intraductal injection 

of bUe salts or duodenal juice was slight::cy- increased when local or systemic 

eypothermia was applied. Enguist !:i al. (249) showed that the disease followed 

a milder course when hypothermia was instituted before the onset of 

pancreatitis and continued for 24 hours thereafter in dogs. The pbysiological 

effects of local or systemic cooling have been attributed to a direct action on 

metabolic rate and enz.y.me activity and to an indirect effect on blood flow. 



PANCREATIC ENZYMES: PHYSIOLOGIC.AL AND BIOCl:IJMW.AL CONSIDERATIONS 

"We mey- surely sey- of the a.dvent of enzymes, as Hopkins sa.id 

of the ad.vent of life, that it wa.s the most :improbable and most 

significant event in the history of the Universe. 11 

M. Di.xon, and E.C. Webb, in: Enz:vmes; London; 

Longman' s, Green, 1964, page 668. 

A: GENERAL DISCUSSION 

In view of the fa.ct tha.t ina.ppropriate relea.se of enzymatic 

activity ha.s been considered to be of great significance in the pathogenesis 

of acute pancreatitis, a. brief review of the occurrence, structure and function 

of the exportable pancreatic enzymes and their precursors is considered 

appropriate a.t this point. OnJ..y a few of the intracellular pancrea.tic enzymes 

have been studied; their possible relationship to pancreatitis ha.s been briefly 

discussed in Chapter I. A comprehensive discussion concerning pancreatic lipase 

is not considered pertinent in this study, despite its great significance in 

pancreatitis. 

The volume of pancreatic juice mey vary from 700 to 2000 ml. in a 

24-hour period; the clean watery secretion contains minerale, enzymatic proteine, 

and a small amount of mucoid proteine (1;). It has been said tha.t a brilliant 

success of modern biochemistry has been to show tha.t all or a.lmost a.ll proteine 

of bovine pancreatic juice are enzymes (250). The secretion of enzymes by the 

pancreas involves their synthesis within the acinar cells, their segregation 

as zymogen granules, and some process whereby they are discharged into the ducts 
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and the blood stream. With the exception of the lactating mammary gland, 

there is no secretory organ in the body which farms and secretes on demand 

such large quantities of protein (251). Cannulated steer pancreas, for 

instance, excretes an average of l g. protein per hour (252). The exocrine 

portion of the pancreas is metabolieally more active in protein production 

than the liver and the reticule-endothelial system cambined, even though 

the former weighs less (253) : the car.bined weight of the latter is estimated 

to be 4% of body weight, or 40 times that of the pancreas. Thus, the pan

creas weighs only l/40 as much as the organs which produce plasma proteins, 

but produces one- third as rouch protein (254). Hokin and Hokin (251) have 

shown that pancreatic slices, when incubated with labelled amine acids in 

vitro, produce enzyme proteins in a ma.nner similar to that of the intact 

pancreas. Da.ly and Mirsky (255), who were among the first to use ra.dioac

tively labelled amine acids to study pancreatic enzyme production in a.nimals, 

showed that enzyme protein accounts for about 2!:1f, of the dry weight of the 

pancreas. A substantial part of this protein can be discharged following the 

injection of pilocarpine, but complete reconstitution of enzymes occurs within 

6 hours (256). 

Siekevitz and Palade (257, 258) have presented a morphological and 

cytochemical ana4rsis of the acinar pancreatic cells of the guinea pig and have 

demonstrated that several of the enzymes occur in the microsomes and in micro

samal fractions. It seems that the pancreatic cell produces protein in a 

fashion simUar to that of ether tissues, by the enzymatic assembly of free 

amine acids upon an RNA template within the microsomes (259). Warshawsky, 

Leblond and Droz (26o), using rad.ioautographic techniques, have further 

elucidated the question of how pancreatic enzymes are formed and extruded into 

the excretory ducts. Hansson (261) used labelled amine acids to study protein 
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s,ynthesis in the pancreas of cats, mice, rats and guinea pigs and found that 

the organ showed a greater uptake of radioactivity than did other tissues; 

ra.dioactivity was apparent in the pancreatic tissue as ea.rly as 5 minutes 

after isotope injection, with maximal activity at :;o minutes, and in the 

proteins of pancreatic juice in 40 to 80 minutes. 

Recent exper:ilnents (262) with bovine pancreatic juice fran a 

fistula revealed a spectrum of en~es and ~ogens which were sepa.rated and 

cha.racterized quantitatively by chromatographie procedures. More than 7C1/o 

of the total proteins of the juice comprised proteolytic en~es in active or 

zymogen form. Quantitative distribution was as follows: trypsinogen 14~; 

chymotrypsinogen-A 1(/fo, and -B ltffo; proca.rboxypeptidase-A lg/o; proca.rbo:x:ypep. 

tidase-A + carboxypeptidase-B 1%; ribonuclease 2.4~; deaxyribonuclease 1.4~; 

amylase 2%; traces of lipase and 1~ of an unidentified fraction. The 

enzymic canposition of the zymogen granules is rema.rkably simila.r to that of 

pancreatic juice. Greene, Hirs and Palade (26:;) in a brllliant stu.dy by a 

combination of electron microscopy and cell fractionation procedures, demon

strated that the zymogen fraction of bovine pancreas has the exact enz.y.matic 

pattern of the juice. All of the protein in the pancreatic juice was recovered; 

recovery of the protein from granule preparations was only 1~ less. However, 

despite this clear-cut demonstration of identity in protein composition of 

extracts of zymogen granules and pancreatic juice, these investigators suggest 

that further work is needed to prove or disprove the existence of a non-zymogen 

granule shunt in the pancreatic secretory process. 

It is interesting that proelastase, which is known to occur in 

bovine pancreatic secretions (264-266) has not been identified with any of 

these protein camponents. Recently, elastolytic activity was demonstrated in 

pancreatic juice from an external pancreatic fistule. (267). Sane other enzymes 
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which have been ascribed to the pancreas in recent years are collagenase (29), 

pancrin (26;), protaminase (269, 270) and insulinase (27J,.). Leucine amino

peptidase is ubiquitous enz.y.me which bas been identified in high concentration 

in pancreas and pancreatic juice as well as in liver, kidney, and small 

intestine (272, 27;). Lecithinase-A, a phospholipolytic enz.y.me that splits 

one fatty acid of lecithin or cephalin and for.ms lysolecithin or lycocephalin, 

has been found in the duodenal contents of man (274). This enz.y.me is present 

in high concentrations in normal pancreatic tissue, and in pancreatitis the 

level in the serum increases in a manner similar to that of lipase and amylase 

(275). The proteolytic ~ogens (tr,ypsinogen, cnymotrypsinogen~A and -B, 

procarboxypeptidase-A and -B) rather than the active enzymes are present in 

zymogen granule extracts and pancreatic juice (26:;). Lipase and collagenase 

are secreted in an active form. Recently the molecular structure of bovine 

trypsinogen, containing 229 amino-acid residues, bas been proposed by Walsh 

!:! al. (276): this structure contains six disulfide cross-linkages and one 

amino-acid sequence containing two histidine residues, a cystine disulfide 

bridge, and a serine residue. This sequence, which is found in cnymotrypsin 

also appears to be the site of the active centre. The molecular structure of 

bovine cnymotrypsinogen-A has been outlined by Hartley (277); the zymogen 

contains 246 amino-acids and has a molecular weight of 25,000. 

In recent years a great deal of work has been devoted to the under

standing of pbysiological and biochemical mechanisms of exocrine pancreatic 

function; certainly, the close si.milarity in distribution of zymogens or 

enzymes, in the pancreatic juice, in z.y.mogen granules, and in microsomes of 

the pancreatic acinar cella, is quite remarkable. Zymogens, and not active 

enzymes, are present in pancreatic ju1ce; granule formation Illa\Y not be the 

onl.y essential part of the secretory process, as evidenced by the observation 

that, when the granule content of the cell is reduced to zero during prolonged 
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secretion, en~e g,ynthesis and secretion still occur (278). 

B: Zî'MOOEN ACJJ!J:V .AT ION 

The ~ogen precursors of pa.ncreatic proteol.ytic en~es are 

s.ynthesized within the gland but are converted into active enz.y.mes after they 

have been secreted b,y the cella (279); this undoubtedly is a protective 

mechanism to prevent autodigestion of the tissues that produce them. The 

~ogens are present in pa.ncreatic juice in soluble form, not as ~ogen 

granules. They show their opt:i.mal stability at pH 5.5 and dissolve in a 

pH of 7 or higher (251). The etudies of Palade and Siakevitz (280) 1ndicate 

that ~ogen granules are extruded, possibl:y denuded of their membrane, and 

dissolve completel:y on caning into contact with pa.ncreatic juice (pH as high 

as 8.5). The conversion of a precursor into an active en~e involves the 

splitting, ey catalysis, of a specifie peptide bond in the ~ogen molecule, 

With or without the removal of free peptides. The process of activation 

appea.rs to involve an u.nmasking of the active centre. 

Trypsinogen, but not trypsin, is produced b,y the acinar cella and 

is secreted in the pa.ncreatic juice. Under appropriate conditions, trypsinogen 

'IfJB:Y be activated ey trypsin itself -- the process may be autocatal.ytic. It can 

also be a.ctivated cy enterokinase, which is the key enz.y.me in the activation 

of pancreatic zymogens under pbysiologica.l conditions (279) and which is 

present in the intestinal secretion, and ey a. 1 kinase' of penicillium notatum 

(281). The autoca.ta.l.ytic process of trypsinogen activation is camplica.ted by 

an alternative reaction which converts trypsinogen into an inactive protein 

(282). The preponderance of one of these campeting reactions depends upon pH 

and the presence of calcium ions. Ha.verba.ck and his group (114), in their 

outsta.nding studies of trypsinogen activation, demonstra.ted tbat, in man, 
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pa.ncreatic juice aspirated from the duct of Wirsung is inactive and 

contains substantia.J. amounts of trypsin inhibitor as a safeguard to prevent 

production of free trypsin within the gland or the ductal system. No 

conversion of trypsinogen to trypsin occurred usua.lly in a system that 

contained human or bovine trypsin in excess of the amount required for satura

tion of the inhibitor. These investigators emphasized that with a normal 

calcium ion concentration, little or no activation of trypsinogen b,y trypsin 

couJ.d occur in pa.ncreatic juice; within limita, the grea.ter the amount of 

ca.J.cium ion present the greater the activation, a fact that mey explain the 

association of pancreatitis and ~rparatqyroidism. Acidification of the 

pa.ncreatic juice to a low pH did not activate trypsinogen, a point of great 

significa.nce in acidosis (1:;). The actual process of trypsinogen activation by 

trypsin or the 'kinases' consista in the breaking of a peptide bond between 

lysine and isoleucine, with resultant production of trypsin and a hexapeptide 

and the unma.sking of the active centre. 

Both chymotrypsinogen-A (28:;) and -B (284) are activated b,y trypsin 

but not b,y chymotrypsin: therefore, the process is not autocatalytic. A 

special characteristic of the chymotrypsinogen--chymotrypsin s,ystem is the 

large number of the different active far.ms; most of them have been recovered 

in crystalline form. 

The activation of procarboxypeptidase-A, a canplex process which 

involves the splitting of IDB.llY peptide bonds, is achieved by the canbined action 

of trypsin and an endopeptidase which is a. derivative of procarbaxypeptidase-A 

(285). Procarbaxypeptidase-B a.lso is activated by trypsin. Elastase is present 

in a ~ogen form in pa.ncreatic juice in dogs and in fresh hog pa.ncreatic 

extracts (268, 286); and trypsin or enterokinase appears to be capable of 

converting proelastase to active elastase. It seems that under pbysiological 
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conditions the pancreatic juice remains inactive untll it comes into contact 

with enterokinase, when there is rapid activation of all ~ogens. The chief 

function of enterokinase is to convert trypsinogen to trypsin, which then 

becames the key for the activation of all other precursors. However, activation 

of the pancreatic complex of ~ogens cannet be accomplished by only trivial 

amounts of enterokinase, since the small amounts of trypsin so produced are 

soon inactivated by the trypsin inhibitor which combines with the en~e to form 

an inactive camplex. The trypsin-inhibitor canplex, and the inhibitor itself, 

have been recovered in crystalline form (287). The same inhibitor inhibits 

chymotrypsin to same extent. other inhibitors of t~1?sin have been extracted 

from bovine (288) and huma.n plasma (289). 

It is interesting that collagenase, an en~e which attacks native 

collagen at or near pbysiological pH, is found. in the pancreatic juice in a 

form which requires no activation (30). 

C: MECHANISM OF ACTION OF P.ANCREATIC PRorEOLYTIC ENzn.iES 

Proteolytic enzymes, in general, are hig~ selective in their 

catalytic effect, and require a specifie chemical environment in order to 

catalyze the bydrolysis of a peptide bond. A typical protein molecule contains 

several hundreds of amino-acid residues in a linear sequence, with many peptide 

bonds. Trypsin and cl:zymotrypsin cleave peptide bonds that occupy internal 

positions in the polypeptide chain, and they are referred to as endopeptidases 

(which break protein molecules into smaller fragments), in contrast to carboxy

peptidases (or exopeptidases, which attack the outermost peptide bonds), which 

remmre terminal amino acids one at a time. It might be said that the endo

enzym.es produce a large number of free end.s at which the exo-enz:ymes can act. 

Trypsin bydrolyzes peptide bonds whose carbonyl group (C=O) is 

contributed by an amino acid (e.g., arginine or lysine) that bas a pos:i.tively 
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charged side group (279). This limited specificity of trypsin was first 

dem.onstrated by Bergman and co-workers (290) and has been confirmed subsequently 

by ethers in studies with synthetic substrates and proteins. However, despite 

the high specificity exhibited by trypsin toward synthetic substrates and 

numerous polypeptides and proteins of known structure, several workers have 

observed tryptic bydrolysis of ester stibstrates which do not possess the usual 

specificity features (29l); nevertheless, trypsin remains the most specifie 

endopeptidase known at present. The specificity of cbymotrypsin for hydrolysis 

of peptide bonds formed by the carboxyl groups of tyrosine, phenylalamine and 

tryptophan has been recognized for same time (292, 293); action on synthetic 

substrates of leucine (294) and methionine (295) aJ.so has been noted. When 

protein substrates or synthetic ester substrates are examined it is evident 

that a variety of bonds can be hydrolyzed by chymotrypsin. In one st.udy (296) 

it was found that chymotryptic hydrolysis of c( -benzoyl-L-arginine etbyl ester, 

a 'typicaJ.' trypsin substrate, occurred at a maximal rate which was '2SY{o of that 

observed with trypsin. 

Carbaxypeptidases exclusively hydrolyze the last peptide bond in 

a polypeptide chain. Carboxypeptidase-B hydrolyzes most rapidly those bonds 

which are formed by terminaJ. lysyl and arginyl residues, whereas carboxypeptidase

A hydrolyzes terminal bonds foromed by a variety of aramatic, neutral or acidic 

amine acids (297). The methods for application of these peptidases to 

hydrolysis of proteins have been discussed in detail by Canfield and Anfinsen 

(298). Houck and Patel (299) have recently demonstrated that the alkaline 

extracts of porcine pancreas that they used in their experimenta were capable 

of changing into dialyzable form about one-half the hydroxyproline content of 

native soluble collagen; the same extracts could also render soluble a 

dialyzable hydroxyproline fran washed insoluble collagen. This collagenase 
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activity was not inhibited b,y EDTA, soybean trypsin inhibitor, or mercurobenzoate. 

No proteolytic activity upon denatured haemoglobin was observed. 

Pancreatic elastase is discussed in detail in later sections • 



THE QUESTION OF TRYPSINOGEN ACTIVATION IN ACUTE PANCRE.ATITIB 

11 I:f' a man will begin with certainties, he shall end in 

doubts; but if he will be content to begin with doubts, 

he shall end in certainties. 11 

Francis Bacon (1561-1626) !.B 
Advancement of Learni!!S,, I, 8. 

Haverback (13) has stated that the question of whether tr.ypsinogen 

becomes activated into trypsin within the pancreas in acute pancreatitis is 

still unanswered. Following the experimenta of Polya (10) and Rich and Duff (11), 

in which evidence was obtained for a key role of trypsin in the production of 

parenchymatous necrosis, several workers have induced experimental pancreatitis 

in dogs by intraductal (11, 333}, interstitial (;oo, 301, ;o4), or intra-arterial 

(;o2) injection of trypsin, in the last-named case after pancreatic-duct liga

tion for 24 hours. 

Lampros et al. (;o;) fed dogs 250 mg. trypsin twice-daily and thereby --
increased by ~ their serum antitryptic activity, and suggested that increased 

antitryptic levels might confer protection against pancreatitis. Although a 

trypsin inhibitor and kallikrein inactivator isolated from the parotid gland 

of cattle by Frey ~ al. (155) has been shown by several workers (:;o6-:;10) to 

pl~ a protective role in experimental pancreatitis in dogs, such a beneficia! 

effect bas been questioned recently by Beek and his group (;11), in whose 

experimenta the aeverity of the pancreatic tissue reaction and the mortality 

rate were unaffected in a large number of dogs with bile- or trypsin-induced 

pancreatitis; and Creutzfeldt ~ al. 's experimenta (:;12) yielded similar 

resulta in a well-controlled atudy with ;oo rats. Despite the widespread 

use of this polypeptide in the treatment of acute pancreatitis in man, 
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its thera.peutic value is uncerta.in (:;1:;). 

It ha.s long been a.ssumed by many tha.t the important factor in a.cute 

pancrea.titis is the proteol:ytic action of trypsin; and the praninent fea.ture 

of pancrea.tic necrosis -- namel:y, the destruction of vessel walls and associated 

haemorrhage, which also is attributed to tryptic activity -- is considered to 

be the strongest evidence implica.ting this en~e in the pathogenesis of the 

disea.se (:;05). However, accepta.nce of this theory requires a clear under

standing of the mechanism whereby trypsinogen is tra.nsformed into trypsin within 

the pancreas or pa.ncreatic juice in pa.ncreatitis, and of the ability of the 

en~e to ma.intain, within its chemica.l environment, its proteol:ytic activity 

(:;14). :Many investigators assume tha.t conversion of trypsinogen to trypsin may 

be accanplished by a multiplicity of agents other than enterokinase, including 

bile, tissue fluids, and infla.mmatory exudates. In tact, during experimenta in 

which various substances were added to pa.ncreatic juice collected from the 

pa.ncreatic duct of rats and dogs (rat hepatic bile, dog gall-bladder bile, 

'i!/o scxlium cholate solution, in:flamma.tory exudate, plasmin, thrcan.bin, and 

streptokinase) only thrcan.bin prcxluced more increase in the rate of appearance 

of proteol:ytic activity than did pa.ncreatic juice a.lone during 24-hours' 

observation (:;05). Also, the addition of human bile, a mixture of streptokinase 

and streptodornase, and calcium ion a.lone in concentrations of 10-200 mEq./litre 

did not activate trypsinogen in pa.ncrea.tic juice (114). 

As previousl:y mentioned, the only intracellular mamma.lian en~e 

that ha.s been dœn.onstrated to activate trypsinogen is the partiall:y purified 

cathepsin-B (:;15, :;16). In vitro, beef'-spleen cathepsin-B, puri:fied 200-fold, 

catalyzes activation of cystalline trypsinogen to trypsin as determined by the 

action of the active product on s.ynthetic substrates and its inhibition by 

trypsin -- sqybean inhibitor. Evidence has been presented recently that 
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endogenous trypsinogen in extracts of dog pancreas is activated under the 

~ame conditions by cathepsin-B-like en~es; the activation is enhanced 

by cysteine and is inhibited by iodoacetic acid (l5). This interesting 

study may have significant implications in clinical pancreatitis as well; 

~ogen granules that contain trypsinogen and that normally are protected 

fran the action of intracellular hydrolases mey come into contact with such 

enz.ymes under certain conditions, as in anoxia, ischaemia, and inflammation. 

The fact that zymogen granules have optimal stability at pH 5.5 and dbsolve 

at a pH as high as 7.2 suggests that the pH of the acinar cell, at least in the 

neighbourhood of the zymogen granules, is ne ar 5. 5 and that the granules mey 

becane soluble when the pH becomes sufficient~ alkaline (251). However, even 

if such activation of trypsinogen were granted, the presence of a patent trypsin 

inhibitor in tissue and in pancreatic juice would inhibit the activity of small 

amounts of enzyme; the same reaaoning is applicable to the question of the 

existence of active trypsin in blood in acute pancreatitis (1;). On the ether 

hand, crystalline trypsin in excess of the amount required to saturate the 

inhibitor in pancreatic juice, us~ does not cat~ze conversion of trypsin

ogen into trypsin, human or bovine. It is conceivable that during acute pancrea

titis a substantiel decrease in the amount of pancreatic trypsin inhibitor (287) 

in pancreatic tissue could permit release of trypsin activity into the gland; 

however, recent studies (ll5) have shown that in canine bile pancreatitis the 

level of pancreatic trypsin inhibitor does not fall, although the serum trypsin 

inhibitor is said to decrease during acute pancreatitis (;o;, jl7). 

Recent~, Haverback and his group (1;, ;6l) have introduced an 

entirely new concept, that of protein-bound trypsin. It has long been 

presumed that trypsin which gains access to the blood is inhibited by the 

trypsin inhibitor which migrates with the c<1-globulin fraction. However, a 

mechanism that involves the binding of trypsin and clzymotrypsin by a macro-



:page 46 

globuJ.in in the of 2-globuJ.in fraction of' the serum :permits both enzymes to 

maintain :proteolytic activity des:pite the :presence of' inhibitors. The try:psin-

macroglobuJ.in cam:plex retains 75% of' the esterolytic and about 20% of' the 

:proteolytic activity of' a similar amount of' cystalline try:psin, but it is 

not inhibited by try:psin inhibitors in sqybean, colostrum, or the o(1-globulin 

fraction of' human serum. The :pancreatic try:psin inhibitor demonstrated by 

Kunitz and Northrop (287) and the inhibitor extracted fran bovine :parotid 

glands only :partially inhibit the try:psin--macroglobulin cam:plex. The 

o( 2-macroglobulin-binding :prote in has been :purif'ied and crystallized by Me hl 

and his associates (318). The implications of' this intriguing concept remain 

to be established; whether try:psin bound or unbound or same other :proteolytic 

enzyme is of' signif'icance in :pancreatitis remains open to question (13). 

Attem:pts to demonstrate changes in serum try:psin activity in 

acute :pancreatitis have been f'rustrated by the :presence of other :proteolytic 

and anti:proteolytic substances. The f'irst synthetic :peptide substrate to be 

used with apparent success in determining try:ptic activity was benzoyl-arginine 

amide (319): increased hydrolysis was f'ound, by serum of' :patients with acute 

:pancreatitis or carcinama of' the :pancreas. Benzqyl-arginine etbyl ester and 

tosyl-arginine methyl ester were introduced as substrates by other workers, 

same of wham (320-322) confir.med the :presence of' abnormal serum :proteolytic 

activity in :pancreatic disease, although others (323, 324) did not. Recently, 

f'urther evidence has been :presented that :plasma hydrolysis of' benzqyl-arginine 

amide representa the increased try:ptic activity in blood that occurs in acute 

:pancreatitis (325). However, all of' these suggestive f'indings await confirma

tion by f'urther refinements in methodology. As :previously mentioned, most 

attem:pts to determine try:psin activity in hamogenates of :pancreatic tissue in 

experimental :pancreatitis have been unsuccessful; this has been attributed by 
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same workers to the presence of the potent pancreatic trypsin inhibitor which 

is released during hanogenization (257, 326). However, as previously indicated, 

Beek and his group (9) were unable to dem.onstrate either increase in tryptic 

activity or decrease in trypsinogen content in experimental bile pancreatitis 

in dogs. 

Turner et al. (335) induced pancreatitis in dogs by tem.porary arterial --
occlusion and intraductal injection of autologous bile and noted a small increase 

in 'protease' activity in pancreatic tissue. Katz et al. (326) determined tryp---
tic activity in aspirates of interstitial oedem.a fluid obtained with a No. 27-

gauge bypodermic needle, thus avoiding the possibility of lysing viable cells and 

thereby releasing inhibitor, in dogs with bile-induced pancreatitis. The levels 

of trypsin-like activity in the aspirate rose rapidly, reaching maximal concentra

tion in 45-60 minutes and then decreasing over the next three hours. The authors 

believe that, once activated, trypsin alone is incapable of destroying viable 

cells, and they attribute cytolysis to the effects of bile &alts. Cell metabolism 

and cell-membrane structure constitute important safeguards against enzymatic 

digestion, as confirmed by results obtained in experimenta performed by Becker 

and Wilde (327). In attem.pting to mimic in vitro the conditions that exist in 

0 pancreatitis they incubated rat pancreas with Krebs--Ringer solution at 37.5 c. 

at (the rather high) concentration of 1:1000 crystalline trypsin for 40 minutes: 

tissue structure was somewhat loosened but no gross destruction was seen. However, 

a cambination of trypsin, 1:1000, and 3% sodium malonate resulted in complete 

destruction of the acinar epithelium. Thus, the cypothesis was advanced that the 

cause of tryptic pancreatitis is the result of a combination of tryptic activity 

in the gland with an acute reduction of metabolism in the pancreatic cell (328-332). 

However, even if one accepts same degree of tryptic activity in acute pancrea-

titis, two important points rem.ain unanswered: (a) the identity of the 

factor(s) responsible for disruption of cell metabolism and activation 
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of trypsinogen stored in the zymogen granul.es, and {b) the factor{s) 

responsible far vascular destruction and gross interstitial baemorrhage 

that apparently operate in the progression to acute haemorrhagic necrosis. 

The first point m&\'1 relate to the action of the intracellular 

hydrolases known to occur in pancreatic tissue, which bave been identified 

with the "lysosanal group of enzymes" {19) and which are capable of 

initiating cell death and of activating trypsinogen into trypsin (15) and, 

therefore, might set off the entire proteol:ytic mechanism. In this connection 

it is interesting to note that administration of a p~eptide (antiprotease 

from beef parotid gland} which possesses antiproteolytic activity 1nhib1ts 

regularly and almost campletely the Shwartzman reaction 1nduced by endotaxin 

or by polymorphonuclear granul.es {;;4). In regard to the second point, it is 

believed that the factor(s) responsible for vascul.ar injury in acute pancrea

titis are of great significancej whereas trypsin mq account a.t least part1a.l.ly 

for an increase in capillary permeability (333) and also for vascular thranbosis 

(141), the striking change that occurs in the walls of vessels, especially the 

destruction of elastic tissue, rema.ins to be accounted for. This particular 

elastolytic activity is responsible for the digestion of the elastic camponent 

of arterial and venous walls, with subsequent extensive interstitial haemorrhage, 

in pancreatitis. 

Fran the preceding considerations it is reasonable to assume that 

trypsin action alone cannat explain the vascular destruction that occurs in 

acute pancreatitis. It is possible tbat elastase ma.,y be responsible far the 

vascular injury: this }Wpothesis appears even more attractive when one 

considera that trypsin, ch;ymotrypsin and the intracellular cathepsins alone 

are incapable of digesting the insoluble protein of elastic fibres (469). 
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The ter.m 1elastase' is used to describe any enzyme which will 

dissolve fibres of the insoluble protein elastin at or near physiological 

pH, and it is implicit in this definition that the elastic fibres used as 

substrate in the assay procedure should be undamaged and free from contamin

ation by other substances. 

Two dates are considered to be very important in the history of 

elastase research, namely l904 and l949. In l904, Eijkman (336) discovered 

an elastolytic en~e in Pseudamonas EWogyaneus and demonstrated elastolysis 

by bacterial action on media containing nuchal ligament, aortic wall, or lung. 

In l949, Balé and Banga (337) reported the presence of a specifie elastolytic 

en~e, for which they coined the name elastase, in extracts of acetone-dried 

pancreas powder and fresh ax pancreas; it was first obtained in a crystalline 

fom by Banga in l952 (338), and in l959 Ma.ndl and Cohen (339) reported 

s,ystematic screening of bacteria and moulds for elastase production. 

Even before l900 same observations concerning elastolysis were 

reported in the literature: the first mention of pancreatic elastase activity 

dates back to l878, when Walchli (340) found that ligamentum nuchae elastin 

was digested by ox pancreas. Soon after, Pfeiffer (34l) found that dried 

pancreas digests elastin from this source, and attributed the effect to 

trypsin. In l896 Mall (342) stated that elastic fibres are rapidly dissolved 

by pancreatin, in contrast to white fibres (~., collagen) and reticulin, 

which are resistant to its action. Work on pancreatic elastase was neglected 

mainly because the elastolytic activity of pancreas was attributed to trypsin. 
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Even modern textbooks contain such statements as: 11Elastin, unlike native 

collagen, is susceptible to tryptic digestion" (343), and: "Elastin differa 

fran collagen in bei.ng digested by trypsin" (344). On the other hand, it is 

possible that during the early years elastase was not detected in the a.cid 

extracts from which other pancrea.tic en~es were isolated, because of its 

acid lability (264). 

Soon after the discovery of pancreatic elastase it was found that 

the en~e contains at least two elements: a proteolytic camponent which is 

active by itse1f (elastoproteinase, E2, or real elastase) and an apparently 

mucoJ.ytic camponent (elastamucoproteinase, E1, or elastamucase) which shows 

onJ.y sligbt elastolytic activity but enhances the action of the proteoJ.ytic 

camponent when the two enzymes react simultaneously with elastin (;45-347). 

The presence of a third co.rn.:ponent which is capable of suppressing the syner

gistic effect of elastomucase, ca11ed E~ because of its place in paper electro

phoresis, bas been reported by Czerkawski and Hall (348, ;49); Loeven calls 

this element E1-den (350). 

OnJ.y one elastase preparation bas been shown to be solely elastolytic 

and devoid of nonspecific proteolytic action -- the Flavobacterium elastase of 

Mandl and Cohen (351, 352). Although the concept of the dual nature of elastase 

is not accepted universally, and~ of those who have studied the elastase-

elastin system ignore or deny the existence of the mucolytic elastase camponent 

(264, 266, 353), in the past few years more and more the importance of its 

role bas been demonstrated. And now the work of Saxl (;54-;56) on the 

'clearing-factor' activity of elastamucase has raised the question of whether 

'elastolipoproteinase' might be a more appropriate name for this e~e. 

The group of Hungarian workers who revived interest in pancreatic 

elastase (337) suggested that it might pl~ a s,ystemic role in the degradation 
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of elastic tissue in the arterial wall during the development of arterio

sclerosis. Banga has mentioned recently (357, 358) that elastamucoproteinase 

has a specifie substrate in the human aortic wall ( a mucolipoprotein) which 

probably is related to the pathogenesis of arteriosclerosis. Recently elasto

mucase was isolated from serum b,y Loeven (359). 

Grant and Robbins (268, 286) have shown that elastase is present 

in zymogen form in dog pancreatic juice and fresh hog pancreatic e.xtracts; 

trypsin or a duodenal factor appears to be able to convert this precursor to 

active elastase. In claiming elastolytic activity for an enzyme preparation 

or a pancreatic hamogenate it is essential that the source and method. of pre

paration of the substrate be specified, since there is a marked difference in 

rate of attack and optimal conditions with differently prepared substrates 

(352). The best source for enzyme studies is ligamentum-nuchae elastin, 

usually equine or bovine. A convenient substrate is the 'orcein-elastin~ 

introduced by Sachar et al. (36o),fram equine ligamentum nuchae, which is 

impregnated with a specifie dye and therefore lends itself to colorimetrie 

determination. Beeause elastin resista denaturation, orcein-elastin is not 

digested by cammon proteolytie enzymes and remains a specifie substrate for 

elastases. 

B: MErHODS ŒF liSSAY mG ELASTASE ACTIVITY 

Most methods of assay in use at present are based on measuring the 

amount of the insoluble substrate that the enzyme renders soluble in a given 

time. This may be aecamplished either by determining the loss in weight of 

the undigested elastin (337) or by deducing the amount of protein solubilized 

from the inereased optical density at 28o mp. (268), Folin phenol colour (361), 

biuret colour (346, 362), or refractive index (349). Nephelametric or color

imetrie measurements of the decrease in turbidity (361) or colour released from 
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dyed elastin substrates (~., Congo-red elastin (266), azo-elastin (363), 

and orcein-elastin (360)) also indicate the amount solubilized. Lamy and 

his co-workers (364) and Czerr~wski (365) have estimated the number of amine 

groups liberated either b,y ninnydrin formol titration or one of the many copper

phosphate method.s; Czerkawski (365) has canbined the two, using in addition 

a trichloracetic-acid precipitation stage to follow the relative rates of 

amine-group release and protein solubilization. 

Sachar ~ ~· (360) employed orcein-stained elastin as substrate 

and measured the amount of dye released after incubation with the enz.y.me. 

In same instances the dye has been measured actually in the filtered buffer 

solution, and in ethers (366) after extraction into butanol. Schneider et al. 

(367) measured elastolytic activity b,y using the ninhydrin reaction to determine 

the amount of amine acids and polypeptides released by enz.ymatic digestion of 

a uniform suspension of elastin. A much mare sensitive method was devised by 

Sbarra et al. (368), who used an agar-plate procedure simllar to that employed --
in bacteriological assessment of antibiotic activity. 

Any one of the above methods under standard conditions yields 

fairly reprod.ucible resulta, but camparison of resulta obtained by different 

method.s reveals variation in ratios of activities even in different buffers 

of the same pH and ionie strength (361). A variety of elastase units have 

been proposed (349, 369-372) and most of them can be defined as the amount 

of elastase activity that dissolves 1 mg. elastin substrate under ass~ 

conditions; however, because of the great variability in these conditions, 

units obtained by different methods cannet be interconverted. Elastase 

activity bas also been determined qualitatively by methods based on histological 

sections and electramicroscopic studies (337, 354). Despite the fact that 

the concept of a dual nature for pancreatic elastase bas not received universal 
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approval, a:n:y etatements concerning the quantitative measurement, or, indeed, 

the existence of e~astase in a who~e tissue or tissue extracts, must be taken 

as merely relating to gross e~a.stolytic activity, without any classification 

of the enz,y.me's being intended. 

In the discussion to :follow, the term 'pancreatic elastase' denotes 

the elastolytic canponent of the overall elastolytic system ( el.astoproteinase) ; 

the mucolytic-~ipolytic canponent will be referred to as such. 

C: PANCREATIC EL.AS:r.ASE 

1. Source 

In the goosefish, Lophius piscatorius, in which islet tissue is 

anatamically separate fran the acinar component, e~astase-like activity occurs 

in the islets (373). Ma.t:zy workers have suggested, however, that e~astase is a 

constituent of the exocrine secretion and that its function is mainly digestive. 

Elastase or an e~astase precursor can be demonstrated in the pancreatic juice of 

the dog, cat, chicken and man (267, 286, 362, 374-376); the enzyme has been 

found in urine also (362, 3/l), which indicates it s clearance tbrough the 

kidney and should imply that e~astase is present in the circulation at sorne 

stage in its active ~ife. 

Cohen et al. (362) and Kokas et al. (376) observed that the elastase ----....... ----
secreted in the pancreatic juice could be increased by administration of 

secretin intravenously, hydrochloric acid intraduodenally, or pil.ocarpine 

subcutaneously; on the other hand, ligation of the pancreatic duct, with 

subsequent atropby of acinar-tissue, produced reduction in pancreatic elastase 

to one-tenth its original amount (375). A very strong indication for the 

exocrine origin of e~astase is found in same experimenta (378, 379) in which 

the presence of e~astase in the acini only was demonstrated with fluorescent 

antibody techniques. 
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Lamy and Lansing (;80), using extraction techniques with the 

pancreatic tissue of Lophius piscatarius, demonstrated highly specifie 

loca.lization of the enzyme precursor -- the membrane of the acinar tissue 

tha.t surrounds the islets. Elastase activity has not been reported from 

other sites, with one important exception: Core and Larkey (;81) isolated 

from the aortic wall a polysaccharide fraction which bad elastase activity on 

a stained elastin preparation. Very few data are available concerning the 

amount of elastase present in fresh normal pancreas or pancreatic juice. 

Ba.lo and Banga (;;7), in their original publication, stated that 

the amount of the enzyme is not a.lwa;ys the same in human and animal pancreas, 

and since then a considerable interspecies difference bas been reported. 

According to Lewis !,! ~· (;71), beef pancreas contains on average five 

times more than human, whereas Ma.rrama ~ ~· (;82) found approxima.tely the 

sa.me amount in man, ox, and barse, but five times more in rat pancreas and 

not much less in pig and chicken. It has been said that the amount of the 

enzyme decreases with age ani in association 'VTith a.rteriosclerosis (;8;). 

Lewis!,!~· (;71) found no correlation between the amount of elastase in the 

pancreas and sex, age, or cause of death in 9 adult huma.n beings. 

2. The Elastase P.recursor (P.roelastase) 

Grant and Robbins (268, 286) were the first to demonstrate in dog 

pancreatic juice and in fresh hog pa.ncreatic extracts the presence of elastase 

in a zymogen form, proelastase, capable of effecting elastolysis only when 

activated by trypsin or by a duodenal factor, enterokinase. Lamy and 

Lansing (;8o), who studied proelastase, found that the proenzyme of the goose

fish is s:l.milar to that of the pig and the rat. 

Partial purification of proelastase of hog pancreas and certain 

features of its activation were recently reported by ~and Tauber (4;1). 
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The authars postulated that trypsin activates proelastase ver,y rapidly by 

breaking seme specifie and particularly exposed bond(s) in the zymogen 

molecule, with resultant formation of two fragments, one being active 

elastase and the other an inhibitor of trypsin that inactivates it rapidly. 

Since only native trypsin will activate proelastase, it is conceivable that 

cleavage of peptide bonds involving the carboxyl groups of lysine or 

arginine residues must take place. However, Lamy and Tauber found that 

chymotrypsin and the so,ybean--trypsin complex were inactive and DFP-trypsin 

(trypsin treated with the inhibitor diisopropyl-fluorophosphate), heat

denatured trypsin and trypsinogen had reduced ability to activate proelastase. 

The authors indicated that the validity of their nypothesis could be tested 

only after the preparation of pure proelastase has been achieved. 

;. Isolation and Purification 

Al1 methods devised for the isolation of elastase start with a 

dried, defatted pancreas powder, usually hog, beer, or fresh porcine pancreas. 

Nearly all workers extract the enzyme with sodium-acetate buffer, pH 4.5 -

4. 7; from this acetate extract the enzyme can be precipitated with ammonium 

sulphate, usually at 45i concentration, to obtain a crystalline though still 

impure preparation. The crystalline product is insoluble in water and 

electrophoretically inhomogeneous (;47, 370, 371). 

The first attempt to obtain a purer enzyme was made by Ba.nga {338), 

and subsequent purification methods have included column electrophoresis and 

adsorption--elution techniques. The electrophoretically purified elastase 

is water-soluble, but even so it attacks a number of proteins (371). Using 

DEAE-cellulose, Lewis and Thiele (271) found that their elastase preparation 

contained five components, only the first being elastolytic. Dvonch and 

Alburn (370), using zone electrophoresis on starch, obtained two elastases, 

but it has been suggested that one may consist of elastamucase contaminated 
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with elastoproteinase (385). Lamy et .!!.!· (364), using adsorption on an 

.Amberlite mC-50 res in and subsequent elut ion with phosphate buf'fer, pH 

6.0, obtained two well-separated elastolytic fractions; one contained most 

of the nonspecific proteolytic activity against casein and the other was 

poor in it. 

Enzyme preparations rich in either the proteolytic or mucolytic 

elastase camponent and freed from all other cantaminating proteins have 

been obtained by means of starch column electrophoresis (386); lyophilization 

and re-electrophoresis yielded pure elastoproteinase. Ba.nga and Ba.lo (387) 

separated elastoproteinase from elastamucase, by a modified starch-gel 

electrophoresis technique, and Loeven (385), using DEAE-Sephadex column 

chranatograpl:zy, was able to separate the two components quantitatively. 

Despite the fact that elastase activities reported from different laboratories 

are difficult to compare, the enzyme preparations of lfall and Czerka.wski (349), 

Loeven (385, 386), Ba.nga and Ba.lô' (387) and Lewis !!!?. .!!.!• (264) appear to be 

electrophoretically pure. Purification of elastase by continuous paper 

electropharesis was reported recently by Hermann and Fujii (388); such a 

method affords canplete separation of the elastase-canplex enzymes fran 

inert proteins and from each other. 

4. Pro:gerties 

Lewis !!!?. ~· (371) reported that electrophoretically purified 

pancreatic elastase has a sedimentation constant of 2.6 s, iso-electric 

point 9.5 : 0.5, and molecular weight 25,000; this relatively law molecular 

weight was confirmed by Loeven (386), whereas Naughton and Sanger (266) cal

culated amolecular weight of 28,500 fran specifie radioactivity of purified 

diisopropoxy-p32·phosphinyl elastase. Several authors have reported pH optima 

for elastoproteinase preparations which they regarded as purified: Saèhar 
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et al. (360) pH 8.7-9.4, Ra.ncati et al. (389) pH 8.2-9.7, Hall and 

Czerkawski (349) pH 8.45, Banga (358) pH 8.7, Lamy et al. ()64) pH 9.2-9, --
and Loeven (350) pH 8.9-9.0. 

Pepler and Brandt (390) were the f'irst to comment on the stability 

of' elastase, reporting that a l% solution in distilled water remained stable 

for two to three daiYs; the crystalline elastase of' Lewis .!i âh· (264, 37l) 

retained its activity for 24 hours at 5°C., pH 4-l2. Loeven (386) found 

that commercial and purified elastases retained their activity l~ for 3 

months; he does distinguish, however, between elastoproteinase which is very 

stable and elastamucase which is rather unstable. On the other band, Lamy 

.!i !!!· (364) found that stability depends upon the purity of' the elastase 

ssmple, and Hormann and Fujii (388) reported that Ca ions stabilize elastase. 

Very little is known about the chemical composition of' this enzyme. According 

to Czerkawski (365), elastase contains appreciable amounts of' tryptophane 

(1.26), tyrosine {2.05), and Q1droxyproline (2.2 moles/l04 g.). Woessner (391), 

however recorded only 0.8 moles bydroxyproline;. the ratio of' tyrosine to 

tryptophane (1.6) was very different fran that of' other proteolytic enzymes, 

for which Bea.van and HollidaiY (392) report a ratio of' 11between 3 and 4." 

5. Toxicity and Antigenicity 

Although several authors have used elastase in animal experimenta, 

little is known about its pha.rmacological properties. Balo et â!:.· (393) 

reported that the lethal dose for white rats wa.s 25 - JO mg. given in a. single 

dose, although the same animals survived doses one-fifth this size when they 

were administered daily for considerable periods. When given the lethal dose, 

the rats collapsed within 50 minutes, with extreme dilatation of peritoneal 

ca.pillaries and diapedesis bleeding. Elasta.se a.dministered in smaller amounts 

da.ily for several weeks produced Q1perpla.sia and bypertropby of pa.ncrea.tic 
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tissue, the elastase activity o:t\which was marlœd.zy increased. 

In subsequent studies, Borsy ~ ~· (394) and Bagdy et al. (395) 

showed that the LD50 for mice varies between 2,290 and 4,24o units/kg. The 

lungs of the animals, which died after a short time in convulsions, showed 

extreme byperaemia, oedema, and increased weight. Intravenous administration 

of elastase in the cat and the rat resulted in transient hypotension, with 

low enzyme concentrations, which :tn.a\Y be due to dilatation of peripheral 

blood vessels. On the other band, in the isolated frog heart, elastase 

produced a transient rise in amplitude at low enzyme concentrations and dia-

stolic standstill at higher doses; also, increased tonus of smooth muscle 

of frogs and contraction of rat uterus in oestrus has been observed. Unfortun-

ately, it cannot be assumed that these phar.macological effects were directly 

associated with elastase itself, since the enzyme used in these early experimenta 

was relatively impure. Kovacs and Bagdy (396) administered 10 - 500 mg elastase 

via the bronchoscope in rabbits and man, without any deleterious side effects. 

On1y a few authors have studied the antigenicity of elastase. 

·- Walford ~ .!!• (397) demonstrated that the anti-elastase found in 

the plasma of chickens which bad received elastase injections precipitated 

elastase fran solution qua.ntitatively: this indicates the enzyme' s dissimilarity 

from the serum inhibitor which, although it forms a camplex with elastase, does 

so without precipitating it. The elastase antibody does not inhibit the 

elastolytic activity of the enzyme, a finding which is at variance with the 

observation of Tolnay and Bagdy (398), who found greater inhibition with 

rabbit antisera than with normal sera. This would suggest that enzymatic 

and antigenic reactions have distinct sites. The varied views of the antigen-

icity of elastase may be explained in the light of recent studies (378, 379), in 
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which a marked species specificity was shawn in the antigen-antibody reactions 

of elastase. 

6. Role of Elastase in the Blood-clotting Process. 

Pancreatic elastase is not considered as a canponent of the 

clotting system normally; however, addition of small doses of the enz.y.me to 

norma.l. human plasma appreciably shortens coagulation t:i.me a.nd large doses 

campletely inhibit coagulation (395, 399-401). Bagdy and co-workers (395, 399) 

suggest that the elastase reacts with prothrambin to farm thrambin, a reaction 

which appears to be independent of the presence of platelets, thramboplastin, 

or calcium ions. On the other hand, according to Marrama. ~ !!• ( 401) the 

action of elastase occurs only in the presence of factor VII and is not of 

the thrambin type; large doses of elastase, they believe, inhibit blocd 

coagulation by direct lytic effect on clotting factors. 

Ferrari et al. (402) reported that the initial decrease in clearing 

factor following intravenous administration of elastase to atherosclerotic 

patients and the tendency toward bypercoagulability was in agreement with the 

effects of the enzyme 1a vitro. That elastase m~, in fact, act on platelets, 

assisting the release of various platelet factors, was suggested by Hall and 

Wilkinson (403); carefully collected platelet-rich plasma responded to the 

addition of increasing concentrations of elastase over a range of 0 - 25 pg/ml. 

to give increasingly shorter decalcification times (404), but this response 

disappeared canpletely when the platelets were previously mechanically degraded. 

The authors advanced the bypothesis that elastase adsorbed on to the lipopolysac

charide-rich regions of arteria.l elastica, following local vascular damage, ma;y 

bring about focal clotting and bence initiate thrombus formation in these regions • 
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7. Specificity 

Lewis ~ al. (371) demonstrated that purified elastase could 

hydrolyze several other proteine, e.g., albumin, casein, fibrin, and haemoglobin. 

The enz,y.me does not attack native collagen and hair keratin, although denatured 

collagen (azocoll) is atta.cked by all known preparations. Elastase also cleaves 

prothrombin and fibrinogen (395), coagula.tes milk, and renders soluble the 

water-insoluble protein of the crystalline lens and lens capsule, which has 

some simila.rity to colla.gen in amino-acid composition (345). Walford ~ !!· 

(397) found tha.t elastase attacks casein and ovanucoid- fi, but not the other 

egg proteins, chala.zae, or ovcmucoid- o<.. Also, sever al synthetic substrates 

which conta.in tyrosine, phenylalanine, gluta:mic ac id and aspa.rtic ac id are 

hydrolyzed (4o5, 4o6), and the Leu-Tyr bond between position 15 and 16 of the 

B chain of insulin is ra.pidly clea.ved (266); slower splits in both the A and 

the B chain occurred at a wide va.riety of peptide bonds which involved neutra.l 

a:mino acids tha.t have a.lipha.tic side cha.ins. However, a nonelastolytic 

insulinase has been isolated from a crude crystalline elastase preparation (271). 

Using synthetic substra.tes, Naughton and Sanger (266) found, af'ter 

column chranatogra.phy, tha.t the purified elastase sa:mple had 1-'t!/o cb;ymotryptic 

activity, thus accounting for its esterase activity. On the ot.tJer ha.nd, 

Partridge and Davis ( 4o7) believe tha.t the proteolytic com.ponent of elastase 

ha.s 2-3 times higher activity toward ha.emoglobin and other proteins, than 

trypsin, and Amati and Castelli (4o8) showed that ela.stase has a specificity of 

action against casein which is much wider tha.n that of trypsin and cbymotrypsin. 

Only the Flavoba.cterium elastase could be freed completely from non-specifie 

proteolytic activity and wa.s found to a.ttack only elastin and none of the other 

proteine or synthetic substrates (351, 352). It seems that even highly puri:f'ied 

pancrea.tic elastoproteinase preparations possess nonspeci:f'ic activity. Furthermore, 
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the presence of a mucolytic elastase cànpcnent, which shows only slight 

elastolytic activity has been demonstrated by three groups of workers: Hall 

" and his co-workers in Leeds, Balo and Banga and their co-workers in Budapest, 

and Loeven in Leyden. The source of elastomucase is fresh pancreas or 

camnercial pancreas powder, but nothing is known about its endocrine or 

exocrine origin, although Czerkawski (4o9) considered part of the elastolytic 

process to be mucolytic. Lipolytic activity of pancreatic elastase on elastic 

tissue has been reported by Lansing et al. (410), and by La.bella (411), who --
found that lipid droplets were released during elastolysis. The lipolytic 

factor was shawn by Hall (412) to be quite distinct fran pancreatic lipase, 

and is said to have also a synergistic effect on elastoproteinase. 

As early as 1954 Banga (4;6) reported that, through the interaction 

of elastamucase with serum, an antilipaemic factor is f~ed in tissues with 

high mucopolysaccharide levels (liver and blood). Saxl (;54, 355) showed with 

biochemical and electron-microscope studies that elastamucase plays a part in 

the disruption of chylamicrons in tissue and also decreased the opacity of 

lipaemic serum. Hall ( 4;7) suggested that, by the interaction of elastamucase, 

o(- globulin and acid polysaccharide, lipoprotein lipase activity is produced, 

comparable to post-heparin lipoprotein lipase, in lipaemic serum. Thus, it 

seems that elastamucase exhibits lipoprotein lipase and mucase activity, as 

evidenced by the release of lipid droplets (410, 411) and acid polysaccharides 

bound to the elastic fibres, during elastolysis (;47, 350). The name 

'elastolipoproteinase' has been suggested instead of elastamucase, E1, or 

elastomucoproteinase, on the basis of the (probably only apparent) dual nature 

of this camponent. 

8. Elasto1ytic Activity of Other Eneymes 

It has been demonstrated incontrovertibly since 1949 that carefully 
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puri:f'ied trypsin is devoid of' 8lJ.'Y ela.stolytic activity (337, ;n, 390, 407, 413 -

416); earlier reports claiming elastolytic activity for trypsin were due to the 

use of' impure enzyme that contained elastase (417-419) -- for example, an eJ.a.stase 

content of' about )~ was :f'ound by Lewis et al. (371) in Trypsin 1-,00 (Nutritional 

Biochemical Co.); it is very di:f':f'icult to :f'ree trypsin from contaminating 

e1a.stase (363, 370). Crystalline cbym.otrypsin also is inactive toward e1astin 

(264, 397, 370), and although som.e have reported an elastolytic e:f':f'ect of' pepsin 

(363, 420) ethers have :f'ound it comp1etely inactive (421, 416); the 1ow pH of' 

the reaction mixtures suggests, possibly, a nonspeci:f'ic action of' pepsin on 

acid-modi:f'ied elastin. Sane plant enzymes (:ricin, papain, and brome1in) possess 

proteolytic and elastolytic activity (414, 416, 418); they require activation 

by KCN or cysteine. On the other hand, tissue cathepsins have no elastolytic 

activity in the presence ar absence of cysteine (416). It would appear, then, 

that e1astase is unique among proteolytic enzymes of animal tissue in that it is 

capable of' tak.ing solid e1astin into solution at a rate comparable to that at 

which ma:JJ.y soluble proteine are attacked by trypsin or pepsin. The reaction 

between elastase and its substrate is specifie, in that other enzymes react 

more slowly or in quite different :f'ashion. 

9. Factors M'fecting Elastase-activity Determinations: The Elastase 

Unit • 

.As previously mentioned, in almost all assay methcds the amount of 

substrate which is made soluble by elasta.se is measured by determining the weight 

of the residual undigested elastin or of the amount of solubilized protein. 

Elastin fran ligamentum nuchae or beef aorta is freed of' collagen, other proteine 

and mucopolysaccharides by treatment with bolling NaOH or by autoc1av1ng at 

1-atmosphere pressure in distilled water or acetic acid. The 1ipids are extracted 

with a mixture of' alcohol and acetone (410, 422) or an ethanol-ether mixture. 



• Criteria for the purity of elastin powder, a cammonly used substrate, are 

amino-sugar and eydroxyproline content: total mucopolysaccharide content is 

indicated by the concentration of amine sugars (350). Insufficiently purified 

material may be protected by a surface coating of mucopolysaccharide or ether 

canponents of the ground substance. Such preparations may be only slowly 

attacked by pure elastase but are rapidly attacked when the mucolytic camponent 

also is present (;47). 

Elastin preparations may be unduly slow in their reaction with 

elastase because of overheating or overdrying. Although alkali-treated elastin 

samples have sim.ilar susceptibility to elastase, there is some increase in 

activity as particle size decreases (346, )50); this partly explains the fact 

that enzyme activity is not constant when the same enzyme solution is tested 

against batches of elastin prepared at different times (350). Another reason 

for noncamparable results of elastase activity by various methods is that the 

velocity of elastolysis varied with the kind and ionie strength of buffer 

solutions with the same pH value (350, 361, 408). The influence of stirring 

on the enzyme reaction is not clear; Hall ()46) observed that shaking may cause 

inactivation of the enzyme, whereas Sachar ~ al. (360) found that enzyme activity 

was increased up to 1~ as a result of incubation with agitation. Incubation 

time mey be as short as 20 minutes (360) or as long as 18 hours (346); Balo 
and Banga allowed JO minutes (369), whereas Hall and Czerkawski proposed 3 hours 

()49), but obviously, long incubation times (12 - 18 hours) may result in law 

activity due to autoeydrolysis of the enzyme. Also, variations in substrate 

concentration can result in marked alterations in the calculated number of 

elastase units in an elastase preparation ()49). 

Nearly all authors have defined an elastase unit (E.U.) as the amount 

of the enzyme necessary to dissolve 1 mg. elastin substrate under the conditions 
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of the assS\Y' method. Balo and Banga {369) and, le.ter, Lewis ll al. (371) 

defined an E.U. as the amount of elastase required to dissolve l mg. elastin 

in 0.5 hours; Thanas and Partridge (416) de:fined it as the amount which 

dissolves 5~ of 20 mg. of elastin substrate in 30 minutes; and Loeven (350) 

expressed elastase activity in milligrammes of the enzyme needed to dissolve 

5~ of the 50 mg. of elastin originally present. Hall and Czerkawski (349) 

defined the E.U. as the amount of elastase t.hat dissolved l mg. ox ligament in 

3 hours; this amount of enzyme was chosen so that not more than ~ and not less 

than ~ of the initial substrate is ~olyzed, since under these conditions 

the activity lies on the essentially linear central part of a sigmoid curve. 

Further canplications in the choice of a satis:factory definition of the elastase 

unit arise from the length of incubation time, the use of butter solutions of 

low ionie strength, and the :fact that crude elastase preparations contain 

elastolipoproteinase, which can increase the elastase activity by 50 - l~ (347). 

D: ELASTASE INHIBITION 

Studies during recent years of the mechanism by wbich various natural 

and synthetic canpounds affect the course of elastolysis have increased overall 

knowledge of the reaction per !.!• The use of phosphonyl derivatives (266, 423) 

has demonstrated the type of reactive centre present in the enzyme, and the use 

of chelating agents bas advanced the development of theories concerning the 

:form of the enzyme substrate complex (424). The simplest form of elastase 

inhibition is that brought about by salta. 

l. Inhibition by Salts 

One of the characteristic properties of pancreatic elastase is the 

inhibition of its activity in the presence of canmon salt. Several authors have 

reported inhfuition by saline in physiological or higher concentrations (364, 

371, 398, 408, 416, 425); Lewis et al. (371) :found 5~ inhibition by 0.07 M NaCl 
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and similar resulta with KCl and (NH4)2so4; 0.2 M NaCl produces between 50 and 

75~ inhibition of elastolysis, depending on the method. of estimation of elastase 

activity. The same author (371) compared the inhibition attained by 1% NaCl and 

1% NaCN and believed it to be due to the Na ion, whereas Mandl and Cohen (351), 

who studied the inhibitory effect of NaCN on their Flavobacterit.mJ. elastase, 

found it to be due entirely to the en ion. These observations appear to be at 

variance with the studies of Winter and Frankel (425), who investigated the 

inhibition of the enzymatic activity brought about by salts with mono- and 

divalent ions, and found it to be of a nonspecific nature depending merely on 

total ionie strength. The Flavobacterit.mJ. elastase differa from the pancreatic 

one in that, among other effects, the presence of 1'/o NaCl does not lower its 

activity (352). Qf' the di valent cations Ca, Cu and Mg, which strongly inhibit 

Flavobacterium elastase activity (352), only Cu also inhibits pancreatic elastase 

in a concentration 10-~ (371); the other cations inhibit partia.J..ly when used 

at higher concentrations (364). 

The effect of some electrolytes on both elastolytic and nonspecific 

proteolytic activities of elastase was campared by Amati and Castelli ( 408), who 

found that elastolytic activity could be reduced to zero while proteolytic 

activity was only slightly decreased. Diisoprop,ylphosphofluoridate (DP.F) 

-4 
campletely inhibits pancreatic elastase at 10 M {266, 416). 

Calcium has been implicated in the action of pancreatic ela.stase; Hall 

{426) wa.s able to demonstrate that those buffer solutions which contain salts 

capable of forming calcit.mJ. complexes reduce the activity of the enzyme (,!:S.•, 

citrate and phosphate buffers). Chelating agents inhibit the pancreatic elastase 

proportionally to the ir calcit.mJ. chelate stability constants ( 427). Ethylene 

diamine tetra-acetic acid (EDTA) was thus found to be· a powerful inhibitor; it 

has been suggested that its inhibitory effect occurs at the moment of interaction, 
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when fission of the eJ.astin dimers takes :place ( 428). 

2. Pancreatic Elastase Inhibitor 

In their original publications Balo and Ba.nga (};7, 429, 4:;o) suggested 

the :presence of an inhibitor in :pancreatic extracts; they believed that, at low 

enzyme concentrations in the :pancreas, elastase activity was demonstrated only 

af'ter dial:ysis (383) and that the inhibitory action couJ.d be abolished onJ.y by 

means of acid extraction, dialysis, or ammonium sul:phate :precipitation of the 

:pancreatic extract, with transformation of bound to free eJ.astase. Lewis et .!'!!.· 

(371) suggested that the inhibitory activity of :pancreatic extra.cts was due to 

their high salt concentration; and Grant and Rabbins (268) indicated that the 

inactivity of the a.queous extracts of pancreas wa.s due to the presence of 

inactive zymogen rather than free enzyme. 

Using sta.rch column electrophoresis, Loeven (432} recently sepa.rated 

a non-d.ialyzable protein fraction which contained IE
2

, an inhibitor for 

elastoproteinase; this inhibitor was present, in sm.all amounts, in only about 

4C1fo of the enzyme ba.tches obtained from :fresh pancreas or canmercial pancreas 

powder and was inactive aga.inst eJ.a.stomuca.se. The possibility that a pancrea.tic 

elastomucase inhibitor also exista seems reasona.ble but is as yet unproved. 

3· Elastase Inhibitors in BJ.ood 

Ba.lo and Ba.nga. demonstra.ted a non-dialyza.bJ.e inhibitor of pancreatic 

eJ.astase in the serum of men, cattle, and rabbits (4:;o), and other workers have 

observed this in guinea pigs, rats, mice, sheep, dogs, monkeys, herses and 

chickens (398, 433, 434); and Tolna\Y" and Bagdy (398) reported 50 - 9\ffo 

inhibition with 1 :lOO dilutions of human, cattle, rab bit and guinea :pig serum. 

Banga et al. (435) have shown that serum conta.ins 3rl/o more inhibitory activity --
on elastase than does whole blood. According to Walford and Schneider ( 433), 

sta.rch block electrophoresis showed the inhibitory agent to be a.t a:pproximately 
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the o( l·globul.in-al.bumin jtmction of the curve of serum and it has been identified 

by Robert and Samuel (36;) with the o<-lipoprotein fraction of serum. Fractiona

tion with Cohn' s Method lO enabled Loeven ( 4;8) to find a strong inhibitor in 

fraction IV; and after repeated fractionation of serum proteins by column 

chrom.atograpl:Iy on DEAE-Sephadex the elastase inhibitor was identified in the 

c<
2
-globul.in fraction. 

The suggestion has been made recent:cy- that some inhibitory activity in 

the serum is associated with the c<l·glycoprotein orosomucoid (424); and Banga 

(4;9) found three inhibitory agents in the serum which corresponded to elasto

proteinase, elastomucase, and collagen-mucoproteinase (which is sa.id to remove 

a mucoprotein fran collagen, leaving "metacollagen"). The inhibition of activity 

of porcine elastase by a specifie antibody (anti-elastase c<.-globul.in) was 

studied recently by Mcivor and Moon (;78). 

4. Inhibitor Levels in the Normal. State and in Certain Pathologica.l 

Conditions 

Serum levels of elastase inhibitor have been studied in normal. animals 

and man, in seme selected disease states, in pregnancy, and in the ageing 

process, but no data have been obtained in_acute pancreatitis. 

lOO X 

The degree of inhibition of serum (or plasma or whole blood) is 

expressed in per cent according to the formula (4;8): 

(mg. elastin dissolved in the blank) - (mg. elastin dissolved in system 
containing the inhibitor) 

mg. elastin dissolved in the blank 

The highest values were f'ound in the mouse (4l;) and the lowest in the dog (2~), 

and about 50 - 65cfo for chicken, guinea pig, rat, monkey, sheep and rabbit. The 

sera of' human males and f'emales showed mean percentages of' 55 and 66, respectively. 

Walf'ord and Schneider (4;;) reported that the level of the inhibitor is 

inde pendent of' age, and Hall ( 44o) presented evidence for a slow decrease up to 
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the age of' sixty, f'ollawed by a steeper rise thereafter; Petrolani (44~, 442) 

f'ound the inhibitory activity to increase progressivel.y with age, whereas 

S~vini (44~) reported a decrease pa.r~e~ with advancing age. 

Serum elastase inhibitor was signif'icantl.y e~evated during pregnancy 

in the human and in the rat, but not in the rabbit : the value rose f'ram 26cj, in 

non-pregnant wamen to 5g/o in the third trimester (4~~' 4~4); this increase 

correlates with the incidence of' dissecting aneurysms during pregnancy, which 

is highest just be~aw the age of' f'orty (~97). The highest value ( 7~) was 

:found three dS\Y'S af'ter delivery; six weeks later v~ues had returned to norm~. 

Serum. inhibitor levels in third-trimester pregnant wanen were three times higher 

than in non-pregnant wamen of' the same age, but the percentage in placent~ cord 

blood was extremel.y law (444, 445). Hall et al. (446) reported tha.t in --
Ehlers--Danlos syndrome the elasta.se inhibitor level was 50 - 100 times that 

of' normal blood.. The increased levels of' ela.stase inhibitor in the disease 

states described by Petrolani (442}, mainl.y diabetes, hepatic cirrhosis, and 

ca.rdiovascular disea.se, ha.d decreased markedl.y even two hours af'ter the :first 

injection of elasta.se. A slight increase in inhibitory activity was :found ~so 

in the serum. of patients with liver damage, nephrotic syndrome, derma.t<Jey"ositis, 

and lupus erythematosus disseminatus ( 4~~). 

5. Seme Cha.racteristics of' the Serum Inhibitor 

The serum. inhibitor of elasta.se is a thermolabile macrcmolecular 

substance and is destrqyed during precipitation by 2.5% trichloracetic a.cid. 

It is stable in buf'fer solutions of' pH 6-1.0, but is rapidl.y destrqyed at ab ove 

pH ll. In the acid range its activity decreases much more slawl.y, but nea.rly 

linea.rly with decrea.sing pH v~ues (4~8). At law temperatures (4°C.) the 

inhibitor is very stable; however, heating of the serum. above 55°C. marked.ly 

reduces its activity (~98, 4~~). The decrease in inhibition with length of 



• incubation has been attributed to a mil.d thermolabil.ity af the inhibitor a.t 

?J7°C. { 4:;:;). Robert and Samuel { 447) mentioned the same effect - inhibition 

of elastozysis by serum -- but a.t'ter 24 hours they obtained complete elastozysis. 

Loeven {4:;8) has concluded fran his experimenta that, when inhibition is 

canplete, it remains constant at lCXY/o even a.t'ter :; d!3\Y'S at :;'t'c. On the ether 

hand, a.t a ratio of inhibitor :enzyme of < 1, inhibition decreases rapidzy with 

length of incubation, due to continued elastozysis through f'ree ela.stase. 

6. The SimiJ.arity Between Ela.stase Inhibitor and T;ypsin Inhibitor 

.Al.though BaJ.é' and Ba.nga. ( 4:;o) pointed out in 1949 that the inhibitor 

af ela.sta.se tha.t is found in the blood of man, ra.bbits and ca.ttle is not the 

same as the serum trypsin inhibitor {:;67, 448) -- because the former is destroyed 

by 2.5~ trichloracetic acid, wherea.s the latter can be purified in this W!3\Y' -

several workers have argued tha.t they are similar or closel;y related. While 

investigating the inhibitory activity of various trypsin inhibitors on elastase, 

de Giuseppe and Castelli (449) found tha.t the inhibitor present in the 

intestinal duct of an ascaride ha.s a far greater effect than does pa.ncrea.tic 

trypsin inhibitor; and Amati and Castelli (408) reported that the two elastase 

activities beha.ved differently with the pa.ncreatic trypsin inhibitor. Furthermore 

while beth the elastol;ytic and proteol;ytic activities could be campletely 

inhibited by the ascaris trypsin inhibitar were not a.ffected by ovamucoid or by 

soybean trypsin inhibitor. Wu and Laskowski (288) found that a purified 

crystalline acid-labiJ.e trypsin inhibitor from bovine plasma a.ppeared to inhibit 

ela.sta.se in a stoichiametric ma.nner, but the camplex formed dissocia.ted 100 times 

more rea.dil;y than the inhibitor -- trypsin canplex. The observation of Graham 

(450} tha.t serum inhibition of ela.stase could be campletely reversed by trypsin 

a.ctivity in a stoichiametric manner is remarka.ble. 

Because chicken and human sera inhibit the elastin/ela.sta.se s.ystem but 
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bave no ef'f'ect on the case in/ elastase system, Walf'ord !fŒ. al. (397) suggested 

tbat the inhibitor is active only aga.inst the elastolytic activity of the 

en~e and not on the broad-spectrum proteolytic activity as measured against 

casein; this implies tbat serum conta.ins a separate ela.stase inhibitor. 

Bagd:y !fŒ. !!• ( 451, 452) believe that both an ela.stase inhibitor and trypsin 

inhibitors are present in the serum. A selective inhibition of elastolytic and 

non-specifie protealytic activities of' elastase was reported recently by 

Walf'ord and Kickhof'en (353); these authors found tha.t the soybean trypsin 

inhibitor and the kallikrein inactivator {Trasylol) substantially suppressed the 

proteolytic activity of the enzyme {against fibrin, ca.sein, and baemoglobin) but 

were without influence on its elastolytic properties. 

E: THE MECHANISM OF ELABTOLYSIS 

Since elastase was first characterized in pancreatic extracts by 

Balo and Ba.nga (337) in 1949, numerous theories have been advanced to explain 

how it renders elastin soluble. Ba.nga and co-workers (453 - 455) f'irst suggested 

that the action of elastase was not one of proteolysis but rather of depolymeri

zation, a fibrous elastin being transformed into globular elastin by the splitting 

of l:zy'drogen bonds. This concept was supported by the f'acts that no free amino 

groups coo.ld be demonstrated during the elastolysis and that solubllized elastin 

did not show any double refraction under the polarizing microscope (453). The 

molecular weigbts of the two kinds of' polypeptides produced during elastolysis 

in about equal amounts were calculated to be in the order of' 2,000 and 20,000, 

respectively (435, 454). 

However, the formation of f'ree o<-amino groups was demonstrated by 

Pa.rtridge and Davis (407) with the fluorodinitrobenzene technique. The reaction 

of' elastase with the A- and B-chains of insulin showed that the en~e can 

attack a wide variety of peptide bonds that involve neutral amino acids tbat 
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have aliphatic side chains; and, since the elastin contains large amounts of 

neutral amino-a.cid residues, the eJ.a.stolysis was explained in terms of this 

specificity (266). Some workers {457, 458) have indicated tha.t the integrity 

of the ela.stic fibre might be a.ssociated with the presence of an essential 

polysaccharide, and others bave suggested lipid as a nonprotein stabilizing 

factor (410, 411, 459). Both bypotheses necessitate the proposa! of nonpro

teolytic roles for the enzyme. Lansing §! al. (410) mentioned the J.iberation 

of lipids during ela.stolysis and suggested tha.t elastin was a J.ipoprotein and 

eJ.a.stase a. lipolytic enzyme. Hall et al. (458) showed tha.t relatively crud.e 

preparations of eJ.a.stase brought eJ.a.stin into solution, with simulta.neous 

reJ.ea.se of polysaccharide and acid. This attractive eypothesis wa.s further 

supported by quantitative mea.surements of a.cid liberated during the first 

ha.lf of the dissolution of elastin in the experimenta of Hall and Gardiner ( 460) , 

which considered the a.cid to be an orga.nically bound sulphate a.ttached to acid 

polysaccharides. 

In 1957, using paper electrophoresis, Hall (347) wa.s able to separate 

canpletely the different canponents of the elasta.se complex; he showed tha.t, 

if both enzyme preparations contain up to lfYÎJ of each other, the activity of 

the ela.stolytic component of ela.sta.se is much higher tha.n tha.t of the ela.sto

muca.se, even though the ratio of polysaccharide to protein libera.ted is twice 

as great in the case of eJ.a.stomuca.se. The importance of elastom.uca.se in the 

over-a.ll reaction of ela.stolysis bas been investiga.ted in detail by Loeven (350). 

The opinion that one component of ela.sta.se rea.cts with the polysaccharide 

moiety, and a.nother with the protein moiety of elastin, was suggested by 

Wa.lford et al. (?97), who estima.ted hexose and hexosamine content in the 

ela.stolyza.tes of elastin pretreated in va.rious w~s. Saxl (355, 356), using 

light and electron microscopy, studied the effect of both ela.sta.se components on 
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human aortic tissue, tram a structural point of view, and demonstrated release 

ot metachranatic material by elastamucase action on the 1nner lSïY'ers. 

F: ENZYME: :IrnmriCS m ELASTOLYSIS 

The kinetics of the enzyma.tic dissolution of elastin are canplex, and 

the elastolytic reaction cammonly is characterized by a lag phase or a markedly 

sigmoid time course (;49, 42;). Under certain conditions the dissolution of 

elastin is no longer linear, which contributes to the ditticulty ot determining 

accurately the specifie activity of enzyme samples. According to Sachar .!!i ~· 

(360), a zero-order reaction is followed when less than 35tfo ot the 2.0 mg. elastin 

present in the reaction mixture has been rendered soluble; however, others (;71, 

375) have cited 75%. The purity of the en~e preparation and the pretreatment 

and particle size of elastin also affect the linear relationship between enzyme 

concentration and amount of substrate rendered soluble. Loeven (;85) has 

suggested tha.t linearity is possible only in the presence ot elastamucase; on the 

other hand, Laley' .!!i al. (;64) showed that the activity ti.me curves (tollowed by 

three types of assey-) showed zero-order reactions up to a certain concentration 

ot elastase. Depending upon ratio of substrate to enzyme concentration or 

upon type ot butter solution used, it was possible to obtain a zero-order 

reaction; a first-order, or an undetermined type of reaction that started slowly 

and accelerated with time. 

Various a.uthors (266, ;49, ;61) have confirmed the presence of a lag 

phase during which, with low concentration of elasta.se, no elastolysis occurs. 

This phase is thought to arise fran the cross-linked nature of elastin (465); 

when elastin is attack.ed by the enzyme, a finite number of peptide bonds must 

be broken and a finite time must elapse betore release of a. soluble fragment 

occurs (442-444) • 
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Enzyma.tic eydrolysis appears to proceed at the surface of the fibres 

or microfibri~s, and the rate of reaction is dependent upon partic~e size (350, 

;86). The reaction commonly starts s~owly and ~ater acce~erates, in a sigmoid

type curve. However, if the same reaction is carried out at a·constant pH with 

an autcma.tic titrator, us~ there is no ~ag phase and the re~ease of 0( -amino 

and carbaxy~ groups folJ.ows a ~ogarithmic course. The initial phase of the 

reaction with pancreatic e~astase exhibited zero-order kinetics in the experi

menta of Lamy~ !!• (}64), with Tris (eydroxymetey~-aminanethane) as buffer. 

Hall and Czerkawski (349) distinguished between so~ub~izing action, 

during elastolysis, resulting in the formation of o( -elastin (real elastolysis), 

and pure eydrolysis (involving the sp~itting of ()(-elastin into smaller peptides 

with an appraximate mo~ecular weight of 6oo). The sam.e authors ( 46~, 462) stated 

that the reaction between e~astase and elastin m~ be divided into at ~east three 

separate phases which together result in the conversion of so~id e~astin of high 

mo~ecular weight into so~ub~e degradation products. The three phases are: 

1. .An initial, adsorptive phase, during which the enzyme is a.dsorbed on to the 

av~ahle aide-chain carbaxyl groups of elastin, with resultant formation of the 

enzyme--substrate camplex, fission of bonds, and loosening of structure with 

marked decrease in rigidity of the elastic fibres. This could be called 

preliminary reaction, and it would correspond to the s~ow phase of the e~astolysis 

time curve (:;49). 

2. A second, disruptive phase, in which disruption of solid e~astin, giving 

rise to so~ub~e o( -elastin, is brought about by fission of a limited num.ber of 

peptide bonds (407). The o<-elastin produced at this stage is considered to be 

identical in properties to similar material that resulte fran chemical degradation 

{442, 445, 446). Under normal conditions digestion does not stop at this stage 

{the solub~ization step), the production of «-elastin being followed immediately 
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by its further degradation during the third phase. 

;. In the third, final ;part of the over-a.ll reaction, considerable amounts 

of amino groups are libera.ted, showing tha.t here also the system is proteolytic; 

this is ma.inta.ined until a.11 solid ela.stin ha.s been dissolved, and ha.s been 

named the hamogeneous reaction. The kinetics of the homogeneous reaction 

between ela.stoproteina.se and soluble c<-ela.stin were studied by Hall and 

Czerka.wski ( 461) during controlled ela.stolysis in the presence of dode cyl 

sul.pha.te, which agent inhibits conversion of high-molecula.r-weight o<-ela.stin 

into lower-molecula.r-weight JJ-ela.stin. These a.uthors confirmed the empirical 

rela.tionship ih the hamogeneous reaction between elasta.se and c<-ela.stin (409) 

by a. theoretical equation ( 461). 

G: REACTIVE SITES m ELASTASE AND m ELASTm 

During investigation of the amino-acid sequence around the reactive 

serine residue of same pa.ncreatic endopeptida.ses it wa.s found (42;, 448) tha.t 

the active centre in ela.sta.se is GJ..yAspSerGJ..y, a sequence identical with tha.t 

determined for trypsin and cl:potrypsin ( 467, 468). 

That proline--glycine sequences must be relatively frequent in ela.stin 

was shawn by Mandl ( 469) from an a.nalysis of Flavoba.cterium. elastase digests of 

elastin. Grant and Robbins (268) pointed to at least two distinct active sites 

in ela.stase, namely a combining and a cat~tic site. Hall (424), who studied 

the inhibitory effect of hum.an plasma on elastase, maintained tha.t there mSiY be 

two active centres on the enzyme molecule; and Walford and KickhÔfen (353) made 

the same suggestion, ba.sed on their studies of selective inhibition of the 

ela.stolytic and nonspecific proteolytic properties of elastase. 

The free side-cha.in ca.rboxyl groups of glutamic and aspa.rtic a.cids 

are essential for the absorption of elastase to ela.stin and for the subsequent 
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reaction, according to Hall and Czerka.wski ( 462), who studied the e:ffect o:f 

various chemical agents on ela.stin. Ela.sta.se and ela.stin possib],y are united 

by calcium, which is held to both proteins by chelate bonds { 426); it is 

possible also tha.t both elastin and ela.stase exist as dimers, in which adjacent 

cha.ins are linked together through the donation of electrons fran COOH and OH 

or NH2 groups to :form the coordination shell of a sha.red calcium at am ( 428). 

H: PROWCTS OF ELASTor.;ySIS 

Very little is known about the products of the ela.stolytic elastin 

breakdown. Pa.rtridge and Davis ( 407) determined the free N-termina.l amino-acid 

groups liberated, and found {moles/100,000 g.) glycine (55.9), alanine (42.5), 

leucine + isoleucine (1;.4), valine (4.1), glutamic a.cid (;.1) and a.spa.rtic 

acid (2.9); C-terminal residues were not determined. Electron microscopy 

showed that the smallest particles observed at the end a:f the process of 

elastolysis were of the order a:f 200 A diameter ( 446) : it a.ppears lik.e],y tha.t 

these are still much larger tha.n the ultimate pa.rticles of molecular weight 

6oo which would be visible by electron microscopy. 

I: FATE OF THE ENZ!ME DURING ELASTOiiYSIS 

The activity/time curve of the ela.stolytic reaction is not linear 

over its whole length; in addition to the la.g period (266, ;61) there is a. 

reduction in activity, towa.rd the end of the reaction, which JD.8iY be due to 

actual destruction a:f the enzyme or to its adsorption on to san.e nona.ctive site. 

At least part of the decrease in the ela.stolysis/time curve m~ be due to 

involvement a:f the enzyme in the han.ogeneous reaction ( 46;); the rema.inder mear 

result from autodigestion. 

A freeze-dried preparation of elastase can be ma.inta.ined for several 

0 months a.t 4 c. without loss of a.ctivity, but in solution its stability is not 
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great. When a solution of elastase is kept at 37°C., two phenanena occur; a 

decrease in activity and an increase in free amine groups present in solution. 

It is possible, though, that elastin mey protect the enzyme fran itselt' by 

praviding a more natural substrate. This has been shawn to occur in prepara

tions of elastolipoproteinase, which is subject to even more rapid autodigestion 

(466) • 
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ELASriC TISSUE 

A: llf.rRODUCTION 
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The specifie elements of connective tissue, called elastic fibres, 

are characterized by their high refractivity, the ir homogeneous fUament-like 

or ribbon-lilœ character, and their easy stretching when wet. In a broad 

sense, the protein of the elastic fibre is among the most chemical.ly inert in 

the body, and its resistance to acid and alkaline lzy'drolysis approaches that 

of the keratine (470). It is impossible to bring elastin into solution except 

by the addition of ~drolytic reagents or elastase, both of which can rupture 

peptide bonds. Purified elastin is pale yellow in col our and bas character

istic bluish fluorescence in ultraviolet light. Elastic tissue is generally 

distributed throughout the mammalian body, in those sites in which ela.sticity 

is required, auch as vessel walls, lunga, ligaments, and dermis. In all of 

these sites elastic fibres are associated with collagen, and both fibrous 

elements are surrounded by an amorphous material known as ground substance. 

Semiquantitative values of the amount of elastin present in these tissues m~ 

be obtained by visual estimates, using one of the specifie stains for elastica. 

However, chemical methods have almost campletely replaced subjective assessments; 

they are based on the apparent resistance of elastin to chemical attack. Such 

methods, in which usually hot acid or alkali is used removes the majority of 

extraneous nonelastic staining material without degrading the elastic fibres 

themselves ( 471, 472). Discovery of the enzymes of the elastase complex has 

greatly facUitated structural studies of elastic tissue • 

B: MORPHOLOOY 

A typical elastic fibre is a yellow branching structure which is the 
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unfixed state demonstrates a high degree of elasticity when teased between 

needles. Onder the microscope, el.astic fibres from the ligamentum nuchae of 

the ax: are short, smooth, rod-lilœ, and almost circuJ.ar on cross-section (470). 

The arterial and venous elastic formations are very different in character; 

they are closely associated with col1agen and polysaccharide. Also, smooth 

muscle cel1s are present in varying amounts in arteries of different kinds. 

Ishida (472), who studied the elastic fibres of veins, suggests that the shape of 

the fibre depends upon its size: thin fibres are circuJ.ar and thicker ones are 

lenticuJ.ar on cross-section. The structure of arterial elastica differa fran 

that of the veins in that the elastica-staining material is not restricted to 

the fi brous form; in fact, the flattened ribbons apparent in vein wal1s mey 

represent a half-way stage between true fibres of circuJ.ar cross-section and 

the sheet-like structure present in the artery. GjJJman et aJ.. (474) reported 

that the elastin of the vascuJ.ar elastic membranes differa tinctoriaJ.ly, 

morphologically and histochemically fran that found in other organs. The elastic 

fibres seen in spreads of fresh tissue or in histological sections are highly 

refractUe and have sharply defined margina when examined with a polarizing 

microscope, and they are isotropie in their relaxed condition. 

C: ULTRASTRUCTURE 

Rhodin and Dalbamn (475) were the first to examine elastic tissue 

with the electron microscope, using thin sections; they observed a two-phase 

system and suggested that the central portion consista of a bund..J.a of 'fibrils' 

which are closely paclœd at ·the centre but which becane sparser toward the 

periphery. They also pointed out that, at the outside, but possibly penetrating 

between the more loosely packed fibrils, lies an amorphous layer (elastamucin). 

However, the fi brUs mey represent arreys of individual micel1es, since X-rey 
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diffraction (464, 476) and electron diffraction (;56) studies show no true 

fibrillar structure. Cox and Little (477) were unable to demonstrate any 

internal structure, but More et !:l• (478) believe that this hanogeneity may 

only apply to mature elastic tissue and not to :Immature fibres. Sa:x:l (356) 

and Charles (479) observed osmophilic striations in elastic tissue which mey 

be true fibrils or mey represent mechanical ali~ent of lipoprotein molecules. 

The identification of polysaccharide in electron micrographs is difficult and 

can be accamplished only by inference. 

D: ELASTIC FIBRES DURmG ELASTOLYSIS 

Using light and electron microscopy, Dempsey and Lansing (48o) 

observed the process of elastolysis in detail. Early in digestion, when the 

glassy refractility of the fibres is lost and small indentations begin to 

appear, the smooth cylindrical structure appears as a pair of loosely twisted 

fibrils; each fibril in turn splits into two more. The process proceeds by 

fragmentation and dissolution of small fibrils. With the electron microscope, 

this freying and splitting could be followed until small, rather short fibrils 
0 

of about 180 A diameter remained, and these dissolved campletely after longer 

incubation t:ime. 

Elastin, in contrast to collagen, has a very low content of amino 

acids with charged aide chains, and its affinity for dyes with a predaminantl.y 

acid or basic fraction is low, regardless of the pH of the solution. Elastic 

fibres stain selectively with orcein and Weingert•s resorcinMfuchsin; they also 

take up a number of others, such as Verhoeff's haematoxylin, Nile-blue sulphate, 

basic fuchsin, osmic acid, and Sudan black (48o). Mallory's aniline blue stains 

collagen blue and elastic tissue red. Cambined stains for demonstrating elastin, 
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reticul.in and collagen in the same tissue have been developed (481). The a.ff'inity 

of' elastic fibres f'or oree in is una.ff'ected by pH over a fairly wide range, but 

above 8.5 the staining f'ails; acid--alcohol solutions produce the best resulta. 

It seems the.t ionie forces are not critically involved in the sta.ining of elastic 

fibres with orcein, and the absorption is due possibly to secondary short-range 

forces not involving a dif'ference in net charge (482). The fibres show a. loss 

of elastica.-staining power if' they are damaged by exposure to elastase: 

Partridge and Davis ( 465) showed that such exposure resulta in production of' 

new o(-amino and C(-carbaxyl groups bef'ore the occurrence of' complete ~solution, 

which ~ inhibit the uptake of dyes because of' alteration in charge distribution. 

F: CHEMICAL COMPOSITION OF EL.ASTm 

Elastin can be prepared from f'resh tissues by procedures which 

destroy other components (410). Inorganic constituants, auch as calcium and 

phosphorus, vary with the age of the subject and the anatao.ical source of the 

sample. Purif'ied elastin canta.ins no detecta.ble sulphur {480). The nitrogen 

content is 15.6 - 1$ in ligamentum. nucha.e and about the same in ela.stin f'ran 

blood vessels. Complete nydrolysis of elastin f'ram va.rious sources indica.tes 

a varying amino-a.cid composition {480). The identity of polysaccharide and 

lipid associated with elastin ha.s not been ful1y elucidated, and much study 

recentl.y has been devoted to attempts to identif'y the pigment responsible for 

the yellow color of elastic fibres. Labelle. (411) suggests that several non

porpnyrin pigments are present, som.e of them fluorescent. 

G: ORIGm OF ELASTIC TISSUE AND ITS REL.ATIONSHIP TO COLLAGEN 

The existence of a special tissue cell which is capable of forming 

elastic fibres is a. matter of controversy. Lansing (484) has stated that with 

the exception of the post-pa.rtum uterine artery there is little evidence that 
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elastic fibres can regenerate in adult animal tissues. Massive formation of 

elastica-staining material in breast cancers treated with oestrogens bas been 

seen and elastica-staining fragments are apparent in the huma.n foetus in the 

third month of pregnancy ( 485) • The formation of collagen fibres in !!!2. 

results from the activity of fibroblaste, but no similar 'elastoblast' bas been 

recognized. 

:Because collagen and elastin are intimatel.y related, it bas been 

suggested tbat collagen and elastin m~ be formed in natural tissue fran the 

same mixture of soluble peptide precursors, or even tbat prefonned collagen ~ 

be converted to elastin ( 486) or elastin to collagen. Burton et al. ( 486) showed 

that collagen, after treatment with alkaline buffers or pancreatic enzymes, 

could give rise to material which had same of the staining and histological 

characteristics of elastin. Since reliable amino-acid analyses for collagen 

(487, 488) and elastin (4o7, 489) are available, a direct camparison of 

composition is feasible. Both proteins have unusual and highly cbaracteristic 

amino-acid compositions, but, except for a preponderance of glycine and proline, 

the two proteins bave little in cœmon. On the other hand, although native 

collagen is resistant to the action of elastase, denatured collagen is dissolved 

by the enzyme about 10 times faster than is elastin itself (454). Grant and 

Al.burn (490) pointed out thst collagenase does not attack elastic fibres, although 

recentl.y sub.microscopic structural damage bas been observed with the polarizing 

microscope (491). 

Final solution of the problems raised by the concept of Burton et ~· 

(486} must swait establishment of the route of elastin bio~thesis. 

H: ELASTIC TISSUE m ARTERIEB AND VEINS 

Harkness et ~· ( 492) studied changes in elastin content along the 

length of the aortic system. The ratio of elastin: elastin + collagen 1Ii dogs 



• 

page 82 

rema.ined roughl:y constant at 50 - 6f.:flo fran the aortic valve to witbin 5 cm. 

of the diapbragm. The proportion of elastin decreased and remained at about 

25 .. ;r::J1, tbroughout the abdominal a.orta and the iliac and femoral arteries. 

Collagen and elastin formed appraximately 5C'JI, of the dry weigbt of all arteries, 

altbough the proportion was somewha.t higher in the smallest. 

The arterial wall consista of three coats: the innermost is the tunica 

intima, then the tunica media, and, the outermost, the tunica adventitia. Most 

arteries, including the arterial branches entering the pancreatic parencby.ma, 

are of the distributing type. Cbaracteristically ( 493), the intima is rela.tively 

thin, witb a well-developed internal elastic lamina tba.t consists of a single 

thick l~er of elastic fibres: on section it presents a wavy appearance. The 

media is a thick coat of smootb muscle, collagen, and elastic fibres: and the 

adventitia consista mainly of elastic but contains collagen fibres also. The 

elastic fibres are condensed to form the external elastic lamina. In arterioles 

{arteries of less tha.n lOO p. diameter) there is an internal elastic lamina, a 

media consisting of smootb muscle, and a miXture of collagen and elastic fibres in 

the adventitia. The interna.l lamina becanes thinner with decrease in size of 

the arterioles and is absent from the sma.llest. Sma.ll-vein walls also consist 

of three lS\Yers: the intima cœ.prises endothelium which rests on a poorly 

defined internal elastic membrane, and the media, whicb is thinner tban in 

arteries consista mainly of collagenic connective tissue. 

Movat and Fernando (494) recently empba.sized the importance of small 

venules (the sma.llest vessels of the venous side of the circulatory system) in 

the study of inflammation. Migration of leucocytes and exudation of plasma 

occurs tbrough the walls of venules in the inflammatory process. Tbeir walls 

contain no elastic fibres and their structure bas been best studied by the 

electron microscope. 
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CHAP.rER VIII 

THE ROLE OF Pl!.NCREATIC ELASTASE m THE PATHOOENESIS OF AœlE PANCREATITIS 

The on1y a.vailable stuày concerning the role of ela.sta.se in a.cute 

pancrea.titis is tbat of Schneider~!!· (12), which bas been mentioned pre

viously. A:rter investiga.ting the lesions caused by pancreatic elasta.se on 

arterial walls 1:!!, vitro and by arterial perfusion 1:!!, !!!2, these workers 

explored the a.bility of the enzyme to initiate baemorrhagic pancreatitis in 

dogs. In 14 animals the pancreatic duct was cannulated and 75 mg. crystalline 

elastase (P-II fraction, prepared by the method of Grant a.nd Rabbins (268) 

yielding 160 elastase units/mg.} was infused in a 15-ml. solution in distilled 

water at a pressure of 40 - 60 cm. water. Infusion was canpleted in 15 - 30 

minutes. The ani:mals were killed 5 hours afterwards. 

All of the 14 dogs developed ma.rked changes in the pancreas consistent 

with ha.emorrhagic pancreatitis. Microscopical examination revealed that the 

pancreatic parenc~a wa.s extensively involved, with ha.emorrhages and large 

num.bers of polymorphonuclear leucocytes. The vascula.r damage canprised partial 

or complete digestion of a.rteries, with loss of elastic fibres and necrosis of 

the media. Fresh tbranbi were found in llia.t:IY of the mediuœ.-sized veins; no 

mention was made, however, of changes in their walls or concerning ela.stolytic 

activity in extrapancreatic tissues. The authors believe tba.t the vascular 

lesions they observed in these a.n.ima.ls are identical with those that occur in 

ha.emorrhagic pancreatitis in man. 

Tbese findings are significant only in the sense tba.t a relatively 

large dose of elastase (15 mg. x 160 = 12,000 elastase units) was capable of 

inducing pa.ncrea.titis following its intraductal injection. However, this study 
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is of limited value in elucidating the pathogenesis of experimental and 

clinical panereatitis, for the following reasons. 

It is known that acute pancreatitis ~ be induced in a variety of 

an:Jma.J s and by many kinds of chemical substances injected into the pancreatic 

duct. The fact that intraductal administration of elastase, an enz.yme capable 

of dissolving the insoluble protein of elastic fibres and of digesting several 

other proteins, results in pancreatitis is not surprising. Of considerable 

importance, however, are the natural stores of proelastase in the pancreas and 

the degree and mode of activation of the proenzyme in the course of experimental 

pancreatitis; information concerning these points is not available. Further

more, -if such an activation of proelastase is granted, elastolysis will depend 

upon the amount of locally available pancreatic elastase inhibitor. Determin

ation of the inhibitory activity of pancreatic tissue extracts in the course 

of experimental pancreatitis has never been attempted • 
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CHAPrER DC 

GENERAL PL:AB' OF INV:EBriGATIOJJ 
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1. The fir&t objective of this study is the development of a relatively 

simple, reliable colorimetrie method suitable for quantitative determinations 

of proelaatase and free elastase in extracts of fresh pancreatic tissue and 

other biological materials. A restricted set of conditions will be observed, 

to obtain a single relationship between the amount of elastin dissolved and the 

elastolytic activity determined (zero-order kinetics). A proelastase and free

elastase unit will be defined under the conditions of the assay. 

2. Proelastase and free and total elastase determinations in extracts 

of fresh pancreatic tissue obtained from the three anatomical parts of the 

pancreas of normal fasting mongrel dogs will be carried out in an attempt to 

establish their 'normal r mean values in canine pancreas. 

3· Determinations of proelastase and free and total elastase will be 

performed in fresh human pancreas obtained immediately after death from renal

hamotransplantation donors. 

4. Proelastase and elastase determinations will be made in extracts of 

pancreatic tissue of fasting mongrel dogs after the induction of pancreatitis 

by intraductal injections of autologous bile or trypain, to compare proenzyme 

and free-enzyme changes occurring in the three anatanical parts of the organ 

during the course of acute pancreatitis. 

5. Elastica stains on histological sections of pancreatic tissue of 

dogs with bile- or trypsin-induced pancreatitis will be studied, to obtain 

evidence for the release of elastolytic activity (loss of stainable character

istics or dissolution of elastic fibres in intralobular and interlobar vessels). 
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6. Studies will be made of induced parenchymatous necrosis in the dog's 

submaxillary gland (which does not contain elastase), by intraductal injection 

of autologous bile or trypsin, followed by elastica stains of the necrotic 

tissue, in an attempt to establish the concept that dissolution of elastic 

tissue, the sine qua non of vascular necrosis, cannot occur in the absence of 

elastase. 

7. The inhibitory activity of pancreatic and mandibular tissue extracts 

will be determined on an elastase/elastin--orcein ~stem, to determine the 

levels of activity in 'nor.mal' and necrotic tissue. 

8. The effect of crystalline elastase on fresh oxygenated pancreatic 

slices incubated under optimal conditions, followed by elastica stains of the 

tissue in order to evaluate the in vitro digestion of elastic fibres and 

compare it with the !a vivo occurring changes in the course of bile or trypsin 

pancreatitis. 

9. Induction of pancreatitis in the fasting mongrel dog by the intraductal 

injection of crystalline pancreatic elastase and histological sections with 

elastica stains for evaluation of elastic tissue destruction !a~· 

The overall objective of this investigation consista of an attempt to 

delineate the role of pancreatic elastase in regard to the distinct vascular 

injury of acute pancreatitis. 

The vascular lesion which includes destruction and thrambosis of 

amall vessels leading to interstitial haemorrhage and parencbymatous necrosis 

is considered to be of crucial importance in the progression ar pathology in 

this disease. 
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A NEW COLORlMETRIC MP:I'HOD FOR MEASURllfG ELASTASE ACTIVITY 

A: INTRODUCTION 

It was puzzling to the ear4" investigators that elastase activity 

could be demonstrated on4r with difficulty, if at all, in fresh extracts of 

pancreatic tissue, although it was read11y extracted from dried, defatted 

pancreas powder. The prob1em. was not so1ved unti1, in 1955, Grant and Rabbins 

(286) showed that homogenates of fresh hog pancreas cantained elastase in an 

inactive zymogen form wbich they named proe1astase. They also found that 

trypsin or a duodenal factor was capable of converting this precursor to 

active e1astase. The activation could be blocked b.y pancreatic and sqybean 

trypsin inhibitors, indicating that the duodenal factor probab4" is entera-

kinase, which converts the inactive trypsinogen into trypsin which, in turn, 

activates proelastase. Recent4", 40-fo1d purification of proe1astase from 

fresh hog pancreas was achieved (168), and it was found. that a.pprox:l.mately 

1.1 pg. of trypsin is needed to activate each proelastase unit. 

1ù.l assey methods for elasto4"tic activity are based on measuring the 

amount o~ insoluble substra.te (elastin) which is solubilized in unit time. 

Sachar et al. (360} employed orcein-stained elastin as substrate and measured --
the amount of dye re1eased after incubation with pa.ncreatic extracts, a method 

which bas been adopted by others (266), using Congo-red-stained substrate. 

A method has been devised in this 1aboratory by which, under certain 

conditions, free e1astase, proe1astase and total elasta.se content of pancreatic 

extracts can be separately and quantitatively determined. 

B: PRINCIPLE 

The ela.stolytic a.ctivity of pancreatic extracts is mea.sured b.y a 
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modification of Sa.char 1 s co~orimetric method., based. on so~ubi~ization of an 

e~astin--orcein substrate. The unit of e~astase is considered to be the amount 

of activity that renders soluble ~ mg. elastin in 30 minutes under the conditions 

of the ass~. Tot~ elastase and free e~astase are determined separately in 

two different ~iquots fran the same extract. For the estimation of free 

elastase activity an ~iquot of fresh pancreatic extract is incubated, immed

iately after it has been hamogenized, with the e~astin--orcein substrate; the 

dye re~eased is determined co~orimetric~. 

For estimation of tot~ elastase, cryst~ine trypsin is added to an 

~iquot from the same pancreatic extract, effecting activation of proelastase; 

this is followed by incubation of the aliquot with the orcein--elastin substrate, 

dye re~ease, and colorimetrie reading. Subtraction of the free- fran the tot~

elastase value yields the amotUlt of proelastase. 

C : PREPARATION OF SIJJ3S'.rRATE 

1. Reagents 

a) Elastin: a purified preparation fran equine ligamentum nucha.e, 

prepared by a modification (410) of the method. of Lowrey ~ ~. (471) wa.s 

obta.ined fran Worthington Biochemical Corporation, Freehold N.J. 

b) N-butanol, reagent grade. 

c) Ethanol, 95%. 

d) Ethanol, 7CI/o. 

e) Acetone, re agent grade. 

f) HCl conc., reagent grade. 

2. Method.s 

Ela.stin powder is suspended in an orcein solution canprising 1 g. 

orcein in 100 ml. 70% ethanol to which 1 ml. HCl conc. ha.s been added.; 20 g. 

.. 
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elastin is suspended in each lOO ml. of this solution. The solution is stirred 

constantly while standing overnight at roan. temperature. Then the stained 

elastin is washed separately with large volumes of ~ ethanol, with constant 

stirring overnight, until the colour of the washings is constant as determined 

colorimetrically at 525 mp.. This is followed by repeated washing with 95oJ, 

ethanol for three weelœ, until 'the washings are colour ... free. Finally, the 

sta.ined elastin is washed with acetone; the air-dried residue is ground in 

a mortar and stored refrigerated. (Samples of this substrate incubated in an 

enzyme-free system, as described in Methods (E), gave no colour change in the 

supernatant fluid}. 

D: MATERIALS 

De-ionized water is used tbroughout the procedure and assa;r. 

l. Tris buffer 

l/5 M Tris (eydro:x;yllleteyl aminamethane), pH 8.8, was prepared as 

follows. 

Solution A. - 12.1 g. Tris (pri:mary standard grade; obtained frcm 

Fisher Scientific Co.} is dissolved in 500 ml. water. 

Solution B. - 0.2 N HCl. 

~he buffer is prepared by mixing 250 ml. solution A with 41 ml. 

solution B and diluting to 1000 ml. with water; this buffer hereafter will be 

referred to as 'Tris' •. It bas the advantages tba.t it does not precipitate Ca 

saJ.ts, is low in priee, and is stable at roan temperature of > :; montbs (495}. 

2. Pho!)2hate buffer 

l/15 M phosphate buffer, pH 6.0, is prepared as follows. 

Solution A. - Dissolve 9.08 g. KH2Po4 in 1000 ml. water. 

Solution B. - Dissolve 11.88 g. Na2Po4 .2H20 in 1000 ml. water• 

The buffer solution is made by mixing 87.7 ml. of solution A with 
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12.:; ml. soJ.ution B. 

:;. Trichlora.cetic-acid soJ.ution (5~) 

4. N-butanol, reagent grade. 

5. Tr:J?sin solution (0.1~) 

Dissolve an appropriate aœount of 2 X crystallized lyophi1ized 

trypsin (Frank w. Horner, Ltd.: 'Pa.renzymo1') in Tris buffer. The solution 

is prepa.red freshly each time for use. 

6. Pancreatic e1astase 

2 X crystallized pancreatic elastase in water suspension (Worthington 

Biochemical Corp.), prepared fran. porcine pancreas (:;71). 

7. Pancreatic extract 

A 5rfo (1:20) extract is prepa.red by han.ogenizing 1 g. fresh pancreas 

in 19 ml. ice-cold Tris buffer in a VirTis No-45 Homogenizer (Resea.rch Equipment, 

Gerdiner, N.Y.) for 5 minutes, under ice. Then the hanogenate is centrif'uged 

0 
for 20 minutes at 0 c. at 10,000 gravity. The supernatant fluid is decanted 

into an ice-chilled 250 ml. Erlenmeyer flask; 1 ml. is used for assaying 

elastolytic activity. 

E: METHODS 

The method for determination of free and total elastase and of 

proelastase in biological material is as follows. 

1. Duplicate 25-mg. samp1es of orcein--elastin are placed in 

A B 1.5 X 10 cm. test tubes which have been numbered: F10 and F4o = 4o minutes' 

A B reaction; T10 and T10 = total e1astase activity after 10 minutes• reaction; 

A B 
T4o and T4o = 4o minutes' reaction. 

2. 2. ml. Tris buffer is added to the •F• series of tubes. 

:;. 1 ml. Tris buffer is ad.ded to the 'T' series of tubes, followed 

by 1 ml. o.lt(o trypsin in Tris buffer solution. 
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4. 1 ml.. pa.ncreatic extra.ct is added to the reaction mixture in 

each tube. 

5. The tubes are sea.led with rubber stoppera, and are pla.ced in a 

0 rack in a water-bath, at ;7 c., with intermittent shaking. Incubation times: 

10 and 40 minutes for each couple in the 'F' and 'T' series. 

6. 2 ml.. phosphate buffer is added to the tubes at the end of the 

intervals, as noted in the previous paragraph; then the tubes are shak.en and 

cooled in an ice-bath, to stop the reaction. 

7. The tubes are centrifuged for 10 minutes at 2000 r.p.m. 

8. 4 ml.. supernatant fluid is decanted into 5-ml.. cellulose-nitrate 

tubes, with the addition of' 1 ml.. 50C/o trichloracetic-acid solution for protein 

precipitation. 

9. 5 ml. N-butanol is added as the extracting medium, and then the 

tubes are capped. 

10. The resultant purplish colour is extracted by shaking the tubes 

vigorousl.y for 15 seconds. 

ll. The tubes are centrifuged for 15 minutes at 10,000 gravity. A 

white precipitate is seen at the interphase; the aqueous phase is cloudy but 

colourless. 

12. The upper (alcohol.) phase containing the ~e is transferred 

with a Pasteur pipette into the micro cells designed for the Fisher el.ectro-

photœeter, and reading is performed at 525 mp.., with N-butanol as the blank. 

These samples remain clear and unchanged thereaf'ter, even if they are stored 

at 4 ° c. for up to 24 hours. 

F. srANDAIID CURVE 

Dupl.icate 5 mg. increments of' elastin--orcein substra.te {5 - 25 mg.) 
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are placed in 1.5 x 10 cm. test tubes, with 2 ml. Tris buff'er and 1 ml. 

crystalline elastase solution (100 unite elastase/ml.). The tubes are sealed 

with rubber stoppera and placed in a rack in a water-bath at 37° c., with 

intermittent shaking, f'or 5 hours. (Since an excess of' enzyme is added to 

the tubes, all of the substrate should be in solution at the end of the incu

bation period.) 2 ml. phosphate buff'er is added to each tube, f'ollowed by 

shaking. The rem.ainder of the procedure, for extracting dye and recording 

optical density (o.D.), is as described before (Procedure, 7- 12). ~ 

plotting the O.D. against mg. substrate, the standard curve is obtained; fran 

this the coversion table can be deduced. 

G: C.ALCULATION OF ACTIVITY 

1. Elastase unit: One unit of elastase activity is defined as that 

amount of enzyme which will rend.er soluble 1 mg. elastin--orcein substrate in 

;o minutes (between the 10- and the 40- minute reaction times). 

2. Free elastase activity is deter.mined from the corrected o.D.; 

the latter is the difference between the reading at 40 minutes (mean of two) 

minus the 10-minute reading (mean of two) i.e., F40 - F10• The amount of 

elastin--orcein rend.ered soluble, correspond.ing to the particular o.D. reading, 

is read in the stand.ard-curve or conversion table. This value, multiplied by 

a factor of 20, yields elastolytic activity (units/g. tissue). 

;. Total elastase activity is calculated fran the difference in O.D. 

between the 40- and 10-minute tubes of the 'T' series (corrected O.D., T40 - T10). 

Total elastolytic activity/g. tissue is determined as described for free 

elastase. 

4. Proelastase unit: One unit of proelastase activity is defined 

as the amount of the proenzyme that, when canpletely activated by trypsin, will 

rend.er soluble 1 mg. elastin--orcein substrate in ;o minutes, between the 10-
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and 40-m.inute reaction times. The a.ctivity of proela.sta.se/ g. tissue is 

obtained by subtracting the units of free ela.stase fran those of total. 

elastase. 

H: KINETICS OF ELASTASE/ELASTm--ORCEm INTERAc:riON 

The amount of ela.stin--orcein rendered soluble in a given tim.e (in 

this case, 30 minutes) is directly proportiona.l to the enz.yme concentration 

only if the reaction follows zero-order kinetics: the rate of ela.stolysis is 

proportional to the enzyme concentration but is independent of the initial. 

amount of elastin--orcein used. To establish the set of conditions under which 

this occurs, a series of kinetic curves was devised, at constant elastin--orcein 

concentration (25 mg.) and with e.xtracts of normal pancreas of 5'/o and lor{o dilu

tion, containing unknown amounts of elastase. 

1. Aetivity tim.e curve 

Determination of free and total elastase were carried out as previously 

outlined with duplicate tubes containing the elastin--orcein substrate and Tris 

buffer, with 1 mL 5'/o or lt:JI, pancreatic extract for determination of free elastase 

and with added trypsin for total elastase. The tubes were withdrawn from the 

water-bath at 10-minute intervals for 2 hours (tim.ed by stop-wa.tch); each tim.e 

the reaction was stopped by the addition of phosphate buffer. The results were 

recorded as tim.e in minutes !!• optical density at 525 mp. in the electrophoto

meter and mg. ela.stin--orcein rendered soluble. 

Two representative curves are shawn in Figure 1: they were obtained 

with 10% and with 5'/o pancreatic extract. A linear relationship between time 

and the amount of substrate rendered soluble under the condition of the 30-

minute assa;y (between 10 and 40 minutes incubation tim.e) was obtained. This 

corresponds to solubilization of 72/o of the 25 mg. elastin--orcein substrate in 

the case of the lor{o extra.et and to 32/o of the substrate for the 5, e.xtract. In 
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beth cases the determinations of 160 - 180 units of elastolytic activity could 

be obtained, an amount that is considered satisfactory for the purpose of this 

study. Total elastolytic activity/ g. tissue in canine pancreas was found to 

exceed the above range in very few cases. 

The values -of free elastase in the elastolysis time curves showed a 

fast initial rise during the first 10 minutes and then, almost uniformly, 

remained at that level thereafter. 

2. Dilution curve 

Determinations of total elastolytic activity were carried out, with 

duplicate tubes containing 25 mg. elastin--orcein substrate, Tris buffer, and 

the following amounts of 1(Jip or 5c'p pancreatic extract ( extract of normal canine 

pancreas with added trypsin): o.:;, o.6, 0.9, and 1.2 ml.' with an incubation 

time of 40 minutes (:;o minutes asstzy, extending between the 10 and 40 minute 

interval). The results were plotted as mg. elastin--orcein rendered soluble 

!!• the dilutions of the pancreatic extract. Again, a linear relationship was 

observed between the substrate and the dilution of the pancreatic extract of 

unknown enzyme content up to the point where appraximately 5c:J/o of the elastin-

orcein substrate was rendered soluble. 

:;. Thirty-minute assa,y 

The reasons for determining the rate of elastolysis between the 10-

and 40-minute intervals are as follows: 

a) To allow for complete activation of the proenzyme by trypsin. 

b) To avoid the initial slow phase of the elastase/elastin--orcein 

interaction (adsorption phase). 

c) To avoid colour interference related to the nature of the pancreatic 

extracts. In view of the fact that necrotic tissue containing substantial 

amounts of bile and blood will be used for elastolytic-activity determinations, 
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their colour interference was nulli:f'ied by' subtracting the 10-minute :f'rcm the 

4o-minute reading. Colour increase observed in the material incubated between 

the 10- and 40-minute reaction times representa only orcein release. To :f'urther 

reduce the colour interference of the pancreatic extracts, the 5~ dilution of 

the extract was used in all subsequent determinations. 

I: ERROR OF THE METHOD 

Free and total elastase, and proelastase content were determined in 

:f'ive samples of pancreatic tissue which bad been obtained frcm adjacent parts of 

the head (right branch) of the pancreas of three normal dogs. Separate extracts 

were prepared and were analyzed for enzyme activity as previously described • 

.Analysis of variance of the three sets of 15 data provided coefficients of 

variation. The coefficients express the error variation as a percentage of the 

mean, and were as follows: 

total elastase, 10.81~; free elastase, 42.0;%; and proelastase, 1;.5;%. Thus, 

the error variation for the determinations in each case has been expressed on 

ihe basis of a mean of lOO throughout. The relatively high error variation of 

:f'ree elastase determinations is due probably to the unifomly low values 

obtained, so tha.t a minute colour change is m.agni:f'ied and expressed as a high 

percentage of error. 

J: DISCUSSION 

A critical evaluation of this new colorimetrie method for determining 

elastolytic activity in biologica.l materia.ls will be attempted later in the 

general discussion. However, the following points are of pa.rticular interest. 

Several factors have been considered signi:f'icant in attempting to 

demonstrate a linear relationship between enzyme concentrations of the material 

in question and the amount of substrate rendered soluble. 

1. Pretreatment of elastin -Alk.ali-treated elastin, which was used as 
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substrate in this method, bas been tound to be superior to the a.cid-trea.ted 

ma.terial; Loeven (;85) demonstrated a. linea.r elastol:ysis time curve which 

continued untU about 95'/o ot the alkali-trea.ted ela.stin bad been dissolved by 

el.a.stoproteina.se. 

2. Constant pH, with bigh-ionic-strength bu:f'fers.- The Tris butter 

(0.2 M, pH 8.8) emplo,yed bere is considered suita.ble tor the purpose of this 

study. Many workers bave used bu:f'fer solutions of low ionie strength to obtain 

bigher activities. Czerka.wski {365) suggested that, rather tha.n sacrifice 

reproducibility due to large fluctuations in pH, it would be better to use more 

strongly buffered reaction mixtures, with their un~oida.bl.e lowering of activity. 

3• Presence of elastamucase.- Loeven (,S5) suggested tbat linearity 

in the elastolysis time curve is possible only in the presence of ela.stanucase, 

which, although itsel.f elastol:ytically inert, can enhance the a.ctivity of the 

elastol:ytic canponent. The whole pancrea.tic extracts used in this study 

undoubtedl:y contain elastomucase. 

4. Particle size of substrate.- The elastol:ytic reaction appears to 

proceed on the surface of the fibres or microfibrils and the reaction rate is 

dependent upon particle size (350}. A very fine size was acbieved by careful 

grinding in a mortar, during the preparation of the elastin--orcein substrate. 

5. The las phase.- It bas been suggested tbat the slow initial phase 

of the elastolysis time curve makes it ditficult to identity the rate of 

elastolysis with the classically defined "initial reaction velocity" (462, 462). 

The rate of elastolysis in the method used here is determined during the lQ- to 

40-minute reaction times, for this and other reasons previously discussed. 

By strictly observing the above criteria., and by using a 5cfo dilution 

of whole pancreatic extra.ct, it is thought that determination of elastol:ytic 

activity (expressed in units/g. tissue) closely approaches the type of reaction 
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that occu.rs between an enzyme and its sol.ubl.e substrate. As for the incubation 

ti:me -- which might be considered rel.ativel.y short by sane authors ( 462, 463) 

irrespective of the ti:me of incubation, the percentage of total. bydrol:ysis 

rather tha.n actu.a.l. weight of el.astin dissol.ved is a.ssayed whenever col.our 

rel.ea.se or other indirect mea.su.rements a.re canpa.red with standard curves • 
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CH.AP.rER XI 

DETERMINATION OF ELASTASE m NORMAL CANmE PANCREAS 

A: INTRODUCTION 

It has been mentioned (Chapter VI, C, 1) that relatively few data 

are available concerning the amount ot elastase present in fresh pancreas of 

animal& ar man. It has been ahown (;75) that the normal elaataae activity 

(elastase units, E.U.) in rabbit pancreas amounta to about 29 E.U./g. tissue, 

and in the rat it has been cited as about 19; E.U./g. (;9;) and 75 E.U./g. (;62). 

A wide range of values for pancreatic elaatase in various animal& has been 

found and is said to be highest in the rat and lowest in the ox (;82). However, 

because of differences in methods for elastase determination it is difficult to 

compare values. The influence of corticosteroids on pancreatic elastase activity 

in the rat was studied by Marrama ,ll al. (496}; they :round that administration 

of small doses of cortisone and prednisolone decreased the en~e activity, but 

larger doses of prednisone increased the yield of elastase. 

The determination of proelastase and of tree and total elastase in 

the pancreas of normal mongrel doga ia of great significance in thia study, 

for the subsequent appreciation of changes in the proe~e and tree enzyme in 

experimentally induced pancreatitis. 

B: ANATOMY OF CANINE PANC~ 

A brief description of the anatamy of the pancreas in the dog will 

follow. 

The pancreas ia a well-defined structure (497). V-shaped, it consista 

of tw_o long branches which meet at an acute angle behind the pylorus (this 

section will be referred to as 1 the body' ) • The right branch (or • head') is 
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enclosed by the meaoduodenum. and extends back.wa.rde above the :f'irst part of' 

the duodenum, below the caudate lobe of the li ver and the right kidney, ending 

ueuall.y a short distance behind the latter. The le:f't branch (or 'ta.iJ!) paases 

to the lett and ba.ckwarde between the surface of' the stana.ch and the tranwerae 

colon, ending a.t the anterior pole of' the le:f't kidney. Usua.l.ly there are two 

pancreatic ducts: the sma.ller entera the second part of' the duodenum by itsel:f' 

or in association with the cœmon bile duct; the larger main duct opens into 

the bovel 3-5 cm. caudally to the first duct (498). 

C: MATERIALS AND METHODS 

Eighteen male and :f'ema.le normal mongrel dogs, each weighing 10-18 

kg., were used. They :f'asted overnight and were k.illed by intra.venous injection 

of' 20 ml. 6'/o pentobarbital. The a.bdœen was opened immediatel.y and the pancreas 

was removed; it wa.s divided into the tbree parts (head, body, and tail) and 

pla.ced a.t once on dry ice. Enzymatic determinations were carried out soon 

therea:f'ter. One gramme o:f' tissue was taken :fran each of the three parts of the 

:f'rozen pancreas, and determinations were ca.rried out sepa.rately :for free ela.s-

tase, total ela.sta.se, and proelastase, with the method previousl.y described 

(Cha.pter X). 

D: RESULTS 

The values obta.ined in the pancreas of the 18 dogs are expressed as 

+ means - S.E., for :f'ree elastase, proelastase, and total ela.stase, 1n the three 

anatanical parts of the organ (Table l). 

An anal.ysis of' variance showed that no significa.nt di:f'ference exista 

between zones, for a1l values obtained; however, the difference was highl.y 

significa.nt :from one dog to a.nother :for proelastase and :for total-elastase 

values (P < 0.001). 
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Table 1 

FREE ELASTASE, PROELASTASE AND TOTAL ELASTASE IN NORMAL CANINE PANCREAS: 

MEAN VALUES FROM 18 OOGS, LINITS/Gm. TISSUE.± S.E. 

Head Body Ta il 
Significant 
Difference 

free Elastase 4.1± 0.89 6.15+ 1.27 6.24± 1.28 

Proelastase 104.99± 18.30 110.14+ 19.12 108.18±18.29 

Total Elastase 109.09 + 18.81 116.30± 19.01 114.42 + 18.39 

- No significant difference between zones (P >0.05) 
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E: EV AWJd'ION OF RESULTS AND DISCUSSION 

In this part of the study it hu been shawn (Table 1) that the 

negligible smounts of free elastolytic activity that can be detected in nor.mal 

dog pancreas possibly can be accounted for by the error inherent to the method, 

which waa found to be substantial (42.0~) for free elastase (Chapter X). On 

the other hand, the biochemical error for proelastase was much smaller (13.53~). 

It can be seen that dog pancreas contains considerable amounts of 

the proenzyme which, in some of the animals, was aa high as 240 unitsfg. tissue. 

The most striking phenomenon, however, was the variation in proelastaae content 

per granune of pancreatic tissue fran one dog to another. 

The tact that elastase is an enzyme with a dual nature mq possibly 

influence determinations of proelastase content in that the activity of elasto

proteinase may be enhanced by up to 1~ by the elastanucase present in the 

pancreatic extract (345, 347, 359). The ratio of the elastolytic to the muco

lytic elastase canponent in normal dog pancreas in unknown, and variations in 

it may substantially influence quantitative determinations of elastolytic 

activity in the extracts of a given pancreas. Furthermore, it is possible that 

there may be subtle variations in the smount of pancreatic elastase inhibitor 

in different dogs which also mq influence determination of elastolytic activity 

in the pancreatic extracts. In most of the dogs tested, however, ample stores 

of proelastase existed, and it is interesting to investigate the tate of the 

proenzyme in the course of experimental pancreatitis. 
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There bas been san.e uncertainty as to the e1astase content of bum.a.n 

pancreas. Sane autbors (:;71, :;8:;) have reported finding the enzyme in bum.a.n 

pa.ncreatic extracts, but otbers (458) have :found none. Since these investi

gators assqed for elastase and not for proelastase, it is conceivab1e tba.t 

any activity detected would be very small indeed. Hawever, Lamy and Tauber 

( 4:;1), who were unable to detect any proelastase in the pancreas of man and 

rabbit, demonstrated the proenzym.e in hogs, rats, and goosefish. They attri

buted the 1ack of elastase a.ctivity in man to the presence of a potent pa.ncrea

tic elastase inhibitor or to the ina.bility of bovine trypsin to activate hum.a.n 

proelastase. It is noteworthy that considerable elasta.se activity bas been found 

recently in the pancreatic secretion of a man with an external pancreatic :fistula, 

(267). 

The determination of ela.stase activity in extracts of human pancreas 

is fra.ught with di:ff'iculties. Post-mortem. tissue specimens probably are unsuit

a.ble if obta.ined severaJ. hours a:fter death, because of early autolysis and 

subsequent bacteriaJ. contamination, and surgical specimens f'rcm a normal htnnan 

pancreas are rare~ ava.ilable. However, in the course of this stuey, fresh 

pa.ncreatic tissue was obta.ined during operation or immedia.tely a.fter the death 

of kidney bamotra.nspla.ntation donors; in the latter case the organ could be 

tota.lly rem.oved a :few minutes a.fter tbe donor' s death. 

B: MATERIALS 

l. Pancreatic tissue. - Three surgical specimens consisting of the 

tai1 of the pancreas, and the whole organ fran six kidney hanotra.nsplantation 
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donors, were obtained. All were placed in dry ice imm.ediately after the ir 

removal f'ran the body, and elastase determinations were perf'ormed soon there

after: when only the pancreatic tail was available, one sample or tissue was 

taken and tmmediately processed for enz.yme determinations; when the whole 

pancreas was removed, separa.te tissue ssmples were obtained f'ram the head, 

body, and taU, and ela.stase activity wa.s determined in tbree sepa.ra.te extra.cts. 

2. Crzsta.lline trypsin. - (Pa.renz.ymol; F.W. Horner, Ltd., Montreal} 

was used f'or activation of' proela.stase. 

C: MErHODS 

Free elastase, total elasta.se and proela.sta.se were determined with 

the colorimetrie method, using an elastin--orcein substra.te, as described in 

Chapter X, E. 

D: RESULTS 

The average free and total ela.sta.se and proelastase content in the 

three surgical specimens f'ran the tail or the pancreas were as f'ollows 

... Free elasta.se 2.8o units/g. tissue 

... Total elastase 1).5} " " " 

- Proelasta.se 10.7) lt n " 
The values f'or the six pa.ncreases obtained :fran kidney hanotra.nsplanta.tion 

donors a.re shawn in Table 2. .An ana.l.;ysis of' variance for the values obtained 

from the three anatanical parts or the pancreas showed no significant difference 

(P > 0.05}. 

E: EV'AWATION OF REStJIŒS AND DISCUSSION 

In this part or the stuey it ha.s been shawn that, under the conditions 

of' this method, sm a 11 amounts of' elastolytic activity were f'ound in f'resh 

buma.n pancreas. The highest values obtained f'or proelastase were in the range 
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Table 2 

FREE ELASTASE, PROELASTASE AND TOTAL ELASTASE IN NORMAL HUMAN PANCREAS 

MEAN VALUES FROM SIX SUBJECTS, UNITS/Gm TISSUE ±S.E. 

Head Body Ta il 
Significant 
Difference 

Free Elastase 7.97 + 1.47 6.83+ 1.17 7.73 + 2.48 

Proelastase 0.77 + 2.59 3.0 + 2.72 3.67 .± 2.14 

Total Elastase 8.73 + 1.65 9.83 + 2.96 11.40 + 2.35 

- No significant difference between zones (P >0.05) 
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of 18 units/g. tissue in one of the surgical specimens and 14.8 units/g. in 

tissue :from a kidney hamotransp1antation donor; tbese subjects were 37 and 

38 years o1d, respectively. The 1ow values :for proe1astase could be re1ated 

to the :following :factors. 

The surgical material obtained in the course of partial pancreatectany 

was subjected to a great deal manual handling a.nd its b1ood supply was comprom:ised; 

the state of re1ative or camp1ete anoxia may have existed in the part removed 

:for 90 minutes or 1onger. The e:f:fect of anaxia, mechanical manipulation and 

general anaesthesia on the ~ogen content of pancreas is unknown but certainly 

cannet be bene:ficial. On the ether hand, the kidney han.otra.nsp1antation donors 

usually were comatose :for about a week be:fore death, a condition marked by 

hypotension, respira.tory :fail.ure, and superimposed infection, !.!S.•, pneumonie., 

requiring a multip1icity of medications. The e:ffect of anoxia, bypotension, 

negative nitrogen baLance, concomitant infection and of extensive drug therapy 

on the pa.ncreatic ~ogens cannet be assessed. 

Other possib1e factors to exp1ain the 1ow e1a.stase activity of human 

pancreas under the conditions of this study are the possibi1ity tha.t a potent 

e1a.sta.se inhibitor exists in the human pancreas or that human trypsin ha.s a. 

specifie abi1ity to a.ctivate hum.a.n proe1astase, which is 1a.cking in bovine 

trypsin ( 431). It is true that activation of human proe1astase by bovine 

trypsin ha.s been achieved by ethers (267), in pa.ncreatic juice from a. pa.ncreatic 

:f'istul.a, but here aga.in it mey be tha.t human trypsinogen is first activa.ted 

into active trypsin, followed by proe1astase activation. One might suggest 

tha.t enterokinase mey be a good activator, although this enzyme requires an 

optimum pH of 5.8 and a. 1ong incubation time, both of which are at variance with 

optimal conditions for e1astase determination. Long incubation times (10-12 hours) 

give 1ow values for elastase activity beca.use of autohydrolysis of this enzyme 
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( 461 - 463). It seems that the addition of a.n ex cess amount o:f human 

crysta.lline trypsin should be the ideal wa;y to obtain quantitative data 

concerning the proelastase content o:f human pancreas. There:fore, the 

results o:f this study concerning the determination o:f proelastase in pan

creas o:f man under the conditions o:f the method employed must be considered 

inconclusive., 
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CHAP.rER XIII 

INTRAPANCREATIC EL.ASTOLYTIC ACTIVrJ?Y IN BILE-INDUCED ACUTE EXPERIMENTAL 

PANCREATITIS IN DOOS 

A: INTRODUCTION 

The inability of trypsin and cnymotrypsin to digest elastic tissue has 

been discussed in Chapter VI, c, 8; and the specificity of elastase in effecting 

dissolution of the insoluble protein of elastic fibres and its ability to induce 

acute baemorrhagic pancreatitis when injected into the pancreatic duct of dogs 

have been dealt with in Chapter VI, c, 7 and Chapter VIII respectively. It has 

been shawn (Chapter XI, C, 2) that ample stores of proelastase exist in normal 

canine pancreas; no studies of the fate of the proen~e during experimental 

pancreatitis have been published. 

It is possible in parenchymatous necrosis, that proelastase may be 

activated with resultant release of free elastase activity in the pancreatic par

enchyma. Such a mechanism could explain the vascular injury and the progression 

of pathology in acute pancreatitis. Data reported in this chapter concern the 

release of intrapancreatic elastase activity in bile-induced pancreatitis and the 

inhibitory activity of pancreatic extracts, on an elastase/elastin--orcein 

system in vitro. 

B: MATERIALS AND ME:!'HODS 

l. ~ 

10 ml. bile was obtained by puncture of each dog' s gall bladder. 

2. Elastase 

Twice-crystallized pancreatic elastase was purchased from Worthington 

Biochemical Corp., Freehold, N.J., for use in the studies of the pancreatic elas

tase inhibitor la vitro. The en~e has an activity {elastase units, E.U.) of 

962.5 E.U./ml. (;5 E.U./mg. protein; 27.5 mg. protein/ml. of suspension). 
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;. Experimental Animals 

Thirty-four mongrel dogs of both sexes (weight, 10-18 kg.) were anaes-

thetized, and pancreatitis was induced. The dogs were divided into three 

groups, according to the duration of pancreatitis. 

Group I: 9 dogs; k.illed at five minutes. 

Group II: 17 dogs; k.illed at 6o minutes. 

Group III: 8 dogs; killed at ; hours. 

4. -Induction of Pancreatitis 

The dogs, which had fasted for 20 hours, were anaesthetized with an 

intravenous injection of ~ sodium pentobarbital, 1 ml./5 lb. body-weight. Using 

sterile technique, the abdanen was opened and approx:l.mately 10 ml. bile was 

aspirated via a 22-gauge needle fran the gall bladder. The second part of the 

duodenum was opened by a longitudinal incision, approximately 8 cm. long, on the 

antimesenteric border. The contents of the bowel were swabbed off and the opening 

of the main pancreatic duct was identified. The duct was cannulated with a poly

ethylene tube (size, PE 50/S 12) that was connected to the syringe that contained 

the aspirated bile. The tube was passed 8-10 cm. into the duct and bile (0.5 ml./ 

kg. body-weight) was injected under 250 mm. Hg pressure monitored by a mod.ified 

mercury mananeter. The polyethylene tube was removed and the intestinal wall was 

sutured. At 5 minutes (Group I), 60 minutes (Group II), and ; hours (Group III), 

the dogs were killed by the intravenous injection of 20 ml. 6% sodium pentobar-

bital. 

5. Classification of gross pathology 

Immediately after the dogs were killed, the pancreas was removed and 

inspected; the gross pathology was graded fran 0 to 4 according to the degree 

of oedema, fat necrosis and haemorrha.ge. After grading the pancreas was prepared 

for enz.yme and dry weight determinations and histological studies. 
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6. Enwme Assa;ys 

Santples of pancreatic tissue, weighing approxi.ma.tely 10 g. were taken 

from each of the three portions (head, b~, and tail} and tmmersed in dry ice 

for enzyme studies. Quantitative determinations of free and total ela.stase and 

proelastase in the three parts were carried out by the colorimetrie method des

cribed in Chapter X. Identical determinations were made in ascitic fluid obtained 

from dogs with 6o-minute or 3-hour pancreatitis immediately before they were 

killed. The a.scitic fluid (1 ml.., 5'fo dilution) was treated exactly the same wa,y 

as the equivalent amount of pancreatic extract. 

7. Determination of Dry Weight 

Samples of pancreatic tissue weighing approximately l g. were obtained 

from the three parts of each pancreas a.nd. fran immediately adjacent to sites from 

which tissue for enzyme studies was taken; they were dried for 24 hours at J.00°C. 

and then re-weighed. The dry weight corresponding to 1 g. fresh pancreatic tissue 

was calculated in this wq. 

8. staining Procedures 

Preparatiœ of tissue - Samples ta.ken fran the involved part of the 

pancreas, correspond.ing approximately to Grade 3 changes, were preserved in 

Bouin's fixative for histological studies. They were de~drated and embedded in 

para.ffin. Sections at different levels fran each of the blocks were stained with 

Verhoeff's haematoxylin alone or in cambina.tion with Maason's trichrome. 

Verhoeff's elastin stain (499) was used, which stains elastic fibres 

(brilliant blue-black), nuclei (blue to brownish black), collagen (red), ether 

tissue elements (yellow). The elastic fibres are stained by the iron--haematoxy

lin--iodine camponent of this solution. The stain gives excellent resulta when 

fresh solutions are used, and even the smallest fibres are clearly visible und.er 

high power. Visual appreciation is enhanced by the sharp contrast in colour, 
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vivid colour transparenciea can be obtained, and the slides are said to be 

unusua.lly durable (414). 

A canbination of Verhoeff' s elastin (499) and Masson' s trichrome 

(500) stain was used also, as suggested by Clermont (456); by this means both 

elastic fibres and collagen tissue are clearly and distinctly visualized in the 

same sections. This cambination stains nuclei (brown), elastic fibres {black), 

collagen (green) , and cytoplasm (orange red) • 

9. Inhibition Studies 

The elastolytic activity of 15 units of twice-crystallized pancreatic 

elastase on 25 mg. of elastin--orcein substrate was determined in three series 

of duplicate tubes designa.ted A, B, and c. The A series contained the enzyme-

substrate mixture, with Tris buffer (pH 8.8), in a total volume of 5 ml. (used 

as the blank). The B series contained enzyme--substrate mixture, 1 ml. 5;, extract 

fran the least-involved part of the pancreas (head), and Tris buffer, in a total 

volume of 5 ml. The C series contained the same amount of enzyme and substrate 

in the same total volume, with 1 ml. 5</J pancreatic extract fran the most-involved 

part of the pancreas (tail). Aliquots from the same primary homogenized extracts, 

which were used for enzyme determinations in the head and tail, were used in the 

B and C series, respectively. The degree of inhibition in the series B and C was 

calculated against the blank a.nd expressed as a percentage by application of a 

formula (Cbapter VI, D, 3) given by Loeven (438), which is the same as that used 

for the serum elastase inhibitor. 

C: EXPERIMENTS AND RESULTS 

1. Grading of Macroscopic Changes 

In almost ail cases (5, 30-minute and )-hour pancreatitis) the pancreas 

showed grade 3-4 pancreatitis in the tail (left branch), grade 1-2 in the body 

(central part) and grade 0-1 in the head (right branch). 
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2. .Enzyme Assa.ys 

Group I: 5-minute bile pancrea.titis. The 2:7 tissue samples which 

were analyzed were obtained :fran the head, body and ta.il of the pancreas of 9 

dogs in which bile pancreatitis of five-minutes' duration ha.d been induced. 

Mean values for free elastase, proela.stase and total elastase (units/g. tissue 

+ - S.E.) are given in Table ;. No significant difference in free elastase 

content was observed between the least involved (head) and the most-involved 

part (tail) of the pancreas, although a significant difference for total 

elastase and proelastase values (P < 0.001) was found. 

Group II: 60-minute bile pancreatitis. The 51 tissue samples which 

were anaJ.ysed were obtained :from the head, body and ta.il of the pancreas of 17 

dogs in which bile pancreatitis of 60-minutes' duration had been induced. Mean 

values ! s.E. (units/g. tissue) for free elastase, proelastase and total elastase 

are given in Table 4. No significant difference in free elastase content was 

found between head and ta.il of the pancreas; a significant difference (P < 0.01} 

was :found, however, for proelasta.se and total elastase. 

Qroup III: ;-hour bile pancrea.titia. The 24 tissue samples which were 

ana.lyzed were obta.ined from the head, body and tail of the pancreas of 8 dogs in 

which bile pancreatitis of 3-hours' duration had been induced. Mean values 

! S.E. (units/g. tissue) for free elastase, proelastase and total elastase are 

shawn in Table 5. There was a significant difference in free elastase content 

between the most-involved part (tail) and the least-involved part (head), 

(P < 0.05). Also significant was the difference between head and tail for 

proelastase and total elastase {P < 0.01). 

;. Effect of Dry-Weight Changes on Proelastase Determinations 

When it became evident that the proelastase content is significantly 

reduced in the involved part of the organ in acute bile pancreatitis, it was 

considered necessary to establish whether this decrease was true or only apparent 
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Table 3 

ELASTOLYTIC ACllVITY IN THE PANCREAS OF 9 DOGS WITH BILE-INDUCED PANCREATITIS 

OF 5 MINUTES DURATION : MEAN VALUES IN UNITS/Gm. TISSUE + S.E. 

Free Elastase 

Proelastase 

Total Elastase 

Body Ta il 
Significant 

Head Difference 

4.93 + 1.68 10.72 + 1.50 7.04 + 1.10 

130.09 + 24.24 89.39 + 20.99 33.58 + 17.10 + 

135.02 + 23.76 99.48 + 21.80 38.27 + 17.58 + 

-No significant difference in head vs. ta il (P >0.05) 

+ Significant difference (P < 0.05) 
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Table 4 

ELASTOLYTIC ACTIVITY IN THE PANCREAS OF 11 DOGS WITH BILE PANCREATITIS 

OF 60 MINUTES DURATION : MEAN VALUES IN UNITS/Gm. TISSUE± S.E. 

Free Elastase 

Proelastase 

Total Elastase 

Ta il 
Significant 

Head Body 

3.18 + 1.03 4.04± 1.09 2.86 + 0.76 

75.15 + 16.62 50.70 + 16.84 24.72 + 11.50 

83.25 + 18.41 48.99 + 16.74 29.29 + 9.98 

- No significant difference in head vs. ta il (P > 0.05) 
+ Significant difference (P< 0.05) 

Difference 

+ 

+ 
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TableS 

ELASTOL YTIC ACTIVITY IN THE PANCREAS OF 8 DOGS WITH BILE-INDUCED PANCREATITIS 

OF 3 HOURS/DURATION : MEAN VALUES IN UNITS/Gm. TISSUE + S.E. 

Head Body Ta il 
Significant 
Difference 

Free El astase 6.1 ± 1.2 6.3 ± 1.2 11.3 + 1.0 + 

Proelastase 92.61 + 27.80 66.40± 25.72 2.38 + 3.59 + 

Total Elastase 98.70 + 27.31 72.72 ± 24.21 13.70 + 1.06 + 

+ Significant difference between zones (P< 0.05) 
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due to dilution of the proenzyme in the increased bulk of oedematous and haemor

rhagic tissues. The dry weight produced by 1 g. wet weight in the three zones 

of the pancreas was determined 1n 9 dogs with 5-minute, 1; dogs with 60-minute, 

and 8 dogs with ;-hour pancreatitis. A significant difference 1n dry weight 

between the least-1nvolved (head) and the most-involved part (tail) (P < 0.05) 

occurred in ail groups, but covariance analysis with the correspond.1ng values of 

proelastase revealed that the latter values maintain their significant difference · 

in all three types. Therefore, the reduction in proelastase content in the most

involved part in exper~ental bile pancreatitis cannot be attributed to concomi

tant oedema and dilution by tissue fluids and blood, but is due to an actual 

decrease 1n the amount of proenzyme. 

4. Inhibito;y Activity of Pancreatic Extracts on Elastase in Vitro 

The inhibitory activity of 60 pancreatic extracts obtained from the 

least-involved (head) and the mo&t-involved part (tail), at: the pancreas was 

determined for 26 dogs: 9 with 5-minute, 9 with 6o-minute, and 8 with ;-hour 

pancreatitis. The degree of inhibition for head and tail, calculated as ofo inhib

ition against the blank, is shawn in Table 6. Extracts of pancreas in which 

pancreatitis had been induced for 5 and for 6o minutes possessed little inhibitory 

activity, whereas those in which pancreatitis had been induced for ; hours 

yielded slightly higher values. A moderate decrease in percentage inhibition was 

found with extracts from the most involved part in 60-minute pancreatitis. The 

reverse was true with extracts from 5-minute and ;-hour pancreatitis. However, 

an analysis of variance .between the values for inhibitor activity of extracts 

obtained fran head and tail showed no significant difference (P > 0.05) in all 

three types of bile pancreatitis. 

5. Ascitic Fluid 

Six samples of ascitic fluid were analyzed. No free or total elastase 
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Table 6 

THE INHIBITORY ACTIVITY OF PANCREATIC EXTRACTS ON ELASTASE IN VITRO : 

MEAN INHIBITION % FOR HEAD AND TAIL OF PANCREAS IN 30 DOGS 

WITH BILE PANCREATITIS 

No. of Head Ta il Significant 
Dogs Difference 

Five Minutes 9 0.6 2.1 

Sixty Minutes 9 6.0 3.0 

Three Hours 8 13.8 12.8 

- No significant difference between zones {P >0.05) 

• 
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a.ctivity was found in any saxnple of 6o-minute (3 dogs} or 3-hour (3 dogs) 

pancrea.titis. 

6• Effect of Bile 

The effect of canine bile on proela.stase and the ela.stin--orcein 

substra.te was tested in a series of in vitro experimenta. It wa.s shawn that 

bile does not activate or destrqy pr.oelasta.se, does not interfere with its 

activation by trypsin and does not inhibit or initiate elastolysis. 

7. Pathology 

Five Minutes 

Gross appearance:- Immediately after the injection of bile, profound 

swelling, strealcy' yellowish in a.ppeara.nce, wa.s observed in the taU and part of 

the body of the pancreas, and during the next five minutes the involved area 

becaxne fairly weil delineated and areas of dark brOW'n discolouration appeared. 

The pancreatitis usually involved the taU and part or all of the body, whereas 

the head showed slight or no involvement. 

Microscopical features:- The parenchyma exhibited focal coagulation 

necrosis, with marked oedema of the septa and no inflamma.tory reaction. The blood 

vessels were dUated and engorged. The arteries were well maintained, whereas 

the veina showed a modest focal loss of definition and of staining of their 

elastic fibres. 

Sixty Minutes 

Gross appearance :- The pancreas wa.s engorged, appearing brownish-black, 

with a friable and musQJ consistency. Blackish areas resembling blood clot could 

be seen at times in the most-involved part (tail}. The body was swollen and soft 

and the head relatively intact. &na.ll amounts of ascites were seen. 

Microscopical features:- There was same margination and emigration of 

po~orphonuclear cells. The arteries were well maintained, although there was 
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some losa of elastic tissue in their adventitiae. The changes in the veins were 

more pronounced, occasional veina showing complete dissolution of elastic compon

ents over segments of varying extent. Thrombosis of medium sized and small veins. 

Minimal extravasation of red blood cella (Fig. 2 and 3). 

Three Hours 

Gross aaearance :- This was almost the same as in the one-hour experi

ment, with a moderate amount of dark red ascites. 

Microscopical features:- Interstitial oedema and vasodilatation persis

ted. The inflammatary response was still moderate. The internal elastic lamina 

of the arteries was well maintained, although there was wide-spread loss of 

elastic tissue in the adventitia. The changes in the veina were more pronounced 

than in the one-hour pancreatitis. Thrombosis of veina and minimal extravasation 

of red blood cella (Figure 4) • 

D: EVAWATION OF RESULTS AND DISCUSSION 

In this part of the study it has been clearly demonstrated that in bile

induced pancreatitis in dogs a significant decrease in proelastase content/g. of 

tissue occurred in the most-involved part (taU) of the pancreas as compared with 

the least-involved part (head). Proelastase values in the body (central part) 

showed a moderate decrease. The lowest mean values for the proenzyme were alW9\Y'S 

found in the most-involved part of the pancreas, in which Grade 3-4 changes were 

observed and tissue obtained from areas closely adJacent showed histological signa 

of elastolysis in the 60-minute and 3-hour pancreatitis. The decrease in dry 

weight/ g. of tissue followed the same pattern, with the lowest mean values in 

the most-involved part of the organ, but covariance an.alysis with correspond.ing 

proelastase values showed that the decrease in the latter is real and cannot be 

attributed to dilution by oedematous fluids • 



FIGURE 2: Bile Pancreatitis in 60 Minutes: 
Venule showing segmental destruction of wall, adjacent to 
an area of parenchymal necrosis. Margination and early 
migration of polymorphs. (Verhoeff's H. x 250). 

FIGURE 3: Bile Pancreatitis in 60 Minutes: 
Venules showing disruption of wall aver a short segment. Loss 
of definition of elastic tissue in venule and in adventitial 

112a 

coat of arteriole. .Internal elastic lamina of arteriole well 
maintained. Early acute inflarnmatory changes (Verhoeff's H. x 250). 



FIGURE 4: Bile Pancreatitis in 3 Hours. 
Venule showing segmental loss of elastic tissue. 
Arteriole well maintained. Coagulation necrosis 
of parencnyma. (Verhoeff's H. x 200). 

112 b 
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On the other band, mean values of the .free enzyme showed a signi-

ficant difference between tail and head only in the 3-hour pancreatitis. 

Nevertheless, free elastolytic activity of extracts of the most-involved part 

of the pancreas in ali three types of bile pancreatitis was low or negligible. 

The colorimetrie method used for the determination of elastolytic activity -
• 

despite its speci:f'icity - is characterized by an error of 13.53% for proelas-

tase and 42.03~ for free elastase. However, ~he histological evidence of 

elastolysis in the involved tissue, consisting in loss of definition and 

staining power and dissolution of ela.stic fibres, a.ttests to the local 

relea.se of ela.stase, implying proelastase activation. 

The mechanism of this activation in the course of bile pancreatitis 

is not clear; it is known that bile does not activa.te trypsinogen (115) and 

there is no rea.son to believe that it activates proelastase either. It mey be 

that an intracellular enzyme ( cathepsin B ? ) liberated during bile-induced 

parenc~tous necrosis activates proelastase directly or, less probably, 

ind.irectly by activating small amounts of trypsinogen {315, 316). The details ot ' 

such a mechanism, which required substantial shi:f'ts of intracellular pH, are not 

known, and no attempt was made in this study to delineate the mode of activation 

of proelastase in bile-induced parencbymatous necrosis. It was shawn by the 

.,!!! vitro experimenta that canine bile does not activate proela.sta.se, does not 

affect its activation by trypsin, and does not inhibit or initiate elastolysis. 

The tact that no increa.se in free ela.stolytic activity in pancreatic 

extracts from the involved part of the pancreas could be found. is intriguing, 

and no attempt was made to investigate the ultimate tate of the enzyme except 

to demonstrate that no a.ctivity was demonstrable in the ascitic fluid that 

accumulated in 6o-minute and 3-hour pancreatitis • 
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However, the fol1owing possibi1ities exist: 

1. That part of the free en~e enters the b1ood stream via the venous or 

lymphatic system. 

2. Tha.t the enz~e combines with its pancreatic inhibitor in !.!YE, and during 

hamogenization and, therefore, ca.nnot be detected. Also, the serum inhibitor 

fran extra.va.sated blood may contribute to this effect. 

;. That aJ.most a.ll free elasta.se is bound to the ela.stic and other protein 

camponents of pancrea.tic pa.renchy.ma and ca.nnot be found in supernata.nt fluid 

a.fter centrifugation. 

4. It may be tha.t the part of the enzyme which is not adsorbed on its substrate 

0 is subject to autodigestion. The activity of ela.stase at 37 c. is sa.id to 

decrease rapid.ly, with concanitant increase in free amino groups in the solution 

(;65). 

Despite the fact that the mechanism. of proela.sta.se activation a.nd the 

fate of the enz~e in the course of bile pancreatitis a.re not clea.r, there is 

ample histological evidence of elastase activity, consisting in loss of staining 

power and dissolution of elastic fibres, accampanying the coagulation necrosis 

of the parench;yma.. Gross interstitial bleeding does not occur, however, and 

thranbosis of small blood vessels prevails. It seem.s that medium.-sized and 

small veins are the first va.scula.r structures subject to inj'l.l.!'y. It is con-

ceivable tha.t destruction of vessel wa.lls and thranbosis leads to a.noxia. and 

stasis, which propagate tissue necrosis. On the other ha.nd, the inhibitory 

capacity of pancreatic extracts wa.s sma.ll, a finding which is in agreement with 

data. of ether authors (4;2) a.nd which indicates, possibly, tha.t no substa.ntial 

inhibition of elastolytic a.ctivity ,!!! ~ should be anticipa.ted in the early 

stages of bile pancreatitis • 
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The en~tic, histo~ogical and inhibition studies reported here 

strongly suggest an important ro~e for e~a.sta.se in the production of va.sc~ar 

injury and progressive tissue destruction in bi~e pancreatitis, and are in 

agreement with previous work in this hboratory tha.t indicated the inabUity 

of a potent trypsin inhibitor fran beef parotid gland (which does not inhibit 

e~stalJsis) to inf~uence tissue destruction in this experimental disease (;~~). 
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INTRAPANCREATIC ELASTOLYTIC AŒ!Dlrr':l IN TRYPSIN-INDUCED ACUTE 

EXPERIMENTAL PANCREATITIS IN DOOS 

A: INTRODUCTION 
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It bas been shown that, if certain conditions concerning dosage and 

injection pressure are observed, the injection of trypsin into the pancreatic 

duct of dogs results in acute pancreatitis (45). It bas been shown also that 

trypsin r~idly activates proelastase into free elastase (4;1) and thus ~ 

initiate release of elastolytic activity early in the course of trypsin-induced 

pancreatitis. 

Quantitative determinations of proela.stase and free elastase in trypsin

induced experimental pancreatitis and histological evidence (with elastica stains) 

of elastic-tissue destruction have never been published. In this part of the 

study, changes relating to free elastase and its proenzyme, as well as to the 

elastic-tissue in the walls of the intrapancreatic vessels, have been investigated; 

the inbibitory activity of pancreatic extracts on elastase ~ vitro will be 

reported also. 

B: M.ATERIALS 

1. Trypsin - A crystalline trypsin preparation (Parenzymol; F.W. Horner, 

Ltd., Montreal) was used. Solutions were prepared with the manufacturera' solvent, 

which canprises 5~ denatured gelatin, O.O<JI, metl:zy'l-paraben, and 0.011> propylpara

ben, in distilled water. 

2. Twice-ceystallized pancreatic elastase (Chapter XIII, B) was used in 

studying the inhibitory activity of pancreatic extracts. 

;. Pancreatitis was induced under anaesthesia with pentobarbital sodium 

in 35 mongrel dogs of both sexes, weighing lQ-18 kg., by injecting 50 mg. of a 

freshly prepared trypsin solution under 250 mm. Hg pressure into the pancreatic 
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duct. The dogs were divided into three groups, according to the duration of 

pancreatitis. 

Group I: 14 dogs; killed at 5 minutes. 

Group II: 17 dogs; killed at 6o minutes. 

Group III: 4 dogs; killed at 3 hours. 

C: METHODS 

The induction of pancreatitia, grading of' gross patho1ogy, staining of 

histo1ogical sections, enz.yme aBSafS in pancreatic extracts and ascit!c f1uid, 

inhibition studies and dry weight determinations, were carried out in a way 

identical to that described for bile-induced pancreatitis (Chapter XIII) 

D: EXPERDŒNTS AND RESULTS 

1. Grading of Macroscopic Changes 

In all cases (5, JO minutes and 3 hours pancreatitis) grade J-4 pancrea

titis deve1oped in the tai1 (left branch) of' the pancreas, grade 2-3 in the b<Xi:y 

(central part) and grade 0-1 in the head (right branch). 

2. Enzyme Assys 

a) Group I: 5-minute trypsin pancreatitis. The 42 tissue samples whicb 

were analyzed were taken frcm the head, body and tai1 of the pancreas of 14 dogs 

with trypsin-induced pancreatitis of 5 minutes' duration. Free elastase, total 

+ e1astase and proe1astase values, expressed in units/g. tissue - S.E., are shawn 

in Tabl.e 7. No significant difference in free el.astase content was found between 

the l.east-involved (head) and the most-involved part (tail) of the pancreas. 

Tbere was a significant difference, however, in the amount of proel.astase and 

total elastase in the head and the tail (P < 0.05). 

b) Grou12 II: 6o-minute trypsin pancreatitis. The 51 pancreatic tissue 

samples that were a.na.lyzed were obtained from the three parts of the pancreas of 

17 dogs with trypsin pancreatitis of 60 minutes' duration. Mean values ~S.E., 
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Table 7 

ELASTOLYllC ACTIVITY IN THE PANCREAS OF 14 DOGS 

WITH TRYPSIN-INDUCED PANCREATITIS OF 5 MINUTES DURATION : 

Free Elastase 

Proelastase 

Total Elastase 

MEAN VALUES IN UNITS/Gm. + S.E. 

Head Body Ta il 
Significant 
Difference 

9.93 + 0.88 10.26 + 1.00 10.49 + 3.7 5 

74.06 + 22.50 69.73 +22.15 42.27 + 16.50 + 

84.01 + 22.56 79.27 + 22.40 52.76 + 16.61 

- No significant difference in head vs. ta il (P > 0.05) 

+ Significant difference (P< 0.05) 

+ 
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in unita/g. tissue, for free elastase, proelastase and total elastase are shawn 

in Table 8. There was a significant difference in free elastase content between 

head and tail (P < 0.05) as weil as for proelastase and total elastase (P < 0.01). 

c) Group III: 3-hour trypsin pancreatitis. The 12 tissue samples 

were obtained fran the three areas of pancreas of four dogs which had been 

killed three hours after the onset of trypsin-induced pancreatitis. Mean values 

+ - s.E. in units/g. tissue for free elastase, proelastase and total elastase are 

shawn in Table 9· In this group, a significant increase of free elastase was 

noted in the most-involved ( tail) as canpared with the least-involved part {head) 

of the pancreas. Significant changes in proelasta.se and total elastase content 

was observed in the tail Y.!• the head of the pancreas. 

;. Effect of Pry-Weight 9hangea on Proelastase Determinations 

Dry-weight determinations were carried out, with the method described 

for bile pancreatitis (Chapter XIII, C), to assess the significance of the 

decrease in proelastase content in the most-involved (tail) as canpared with the 

least-involved part {head) of the pancreas. Covariance analysis of the dry 

weights for head, body and tail, and the corresponding values for proelastase 

content in the pancreas of 14 dogs in Group I, 1; dogs in Group II and 4 dogs in 

Group III, showed that the significant decrease in the proen~e is real and not 

just apparent. The reduction in proelastase content in the tail ca.nnot be 

explained only on the basis of dilution in oedematous tissues. 

4. Inhibito;;y Activity of Pancreatic Ex:tracts on Elastase in Vitro 

The inhibitory activity of 6o pancreatic extracts obtained from the 

least-involved (head) and the most-involved part (tail) of the pancreas of ;o 

dogs was determined. The number of dogs with 5- and 60-minute and three-hour 

pancreatitis, and the degree of inhibition by extracts obtained fran the head and 

tail, calculated in percentage of inhibition against the blank, are shawn in 

Table 10. Amoderate decrease in percentage inhibition was found with extracts 



llSa 

Table 8 

ELASTOL YTIC ACTIVITY IN THE PANCREAS OF 17 DOGS 

WITH TRYPSIN-INDUCED PANCREATITIS OF 60 MINUTES DURATION : 

MEAN VALUES, IN UNITS/Gm. S.E. 

Head Body Ta il 
Significant 
Difference 

free Elastase 5.45 + 1.05 5.04 + 1.16 3.95 + 1.98 + 

Proelastase 82.86 + 13.72 63.59 +12.22 37.80 + 12.17 + 

Total Elastase 99.78 + 19.10 57.85 + 12.12 34.16 + 12.17 + 

+ Significant difference in head vs. ta il (P< 0.05) 

• 
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Table 9 

ELASTOL YTIC ACTIVITY IN THE PANCREAS OF 4 DOGS 

WITH TRYPSIN-INDUCED PANCREATITIS OF 3 HOURS DURATION : 

MEAN VALUES, UNITS/Gm. +S.E. 

Head Body Ta il 
Significant 
Difference 

Free Elastase 6.9+ 2.14 7.4 + 1.36 17.85 + 3.65 + 

Proelastase 130.10 + 45.51 106.25 + 44.99 0.40 + 4.73 + 

Total Elastase 137.0 + 45.94 113.6 + 43.64 18.25 + 7.97 + 

+ Signifiee nt difference in head vs. ta il (P< 0.05) 
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Table 10 

THE INHIBITORY ACTIVITY OF PANCREATIC EXTRACTS ON ElASTASE IN VITRO : 

MEAN OF PERCENTAGE INHIBITION FOR HEAD AND TAil OF PANCREAS OF 30 DOGS 

WITH TRYPSIN PANCREATillS 

No. of Head Ta il 
Significant 

Dogs Difference 

Five Minutes 14 8.7 12.1 

Sixty Minutes 12 9.4 6.0 

Three Hours 4 13.7 15.7 

- No significant difference between zones (P >0.05) 
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from the most-involved part in 60-minute pancreatitis. The reverse was true 

with extracts from 5-minute and ;-hour pancreatitis. However, an analysis of 

variance between the values tor inhibitory activity of head and tail showed no 

signiticant difference (P > 0.05) for ali three durations of trypsin-induced 

pancreatitis. 

5. Ascitic Fluid 

Analysis was made of 4 samples of ascitic f'luid, 2 from dogs with 

60-minute and 2 tram dogs with ;-hour pancreatitis. No elastase activity was 

found in any sample. 

6. Eff'ect of erystalline T;YPsin on the Elastin--Orcein Substrate 

Increasing amounts of trypsin (0.5, 1, 2, 4 and 5 mg.) were added to 

a series of duplicate tubes, eaeh of which eontained 25 mg. of elastin--orcein 

substrate in Tris butter (pH 8.8) in total volume ; ml. No release of dye was 

observed atter 40 minutes' incubation in a water-bath at 37°C. with intermittent 

shak.ing. 

7. Pathology 

Five Minutes 

Gross appearance:- Immediately after the injection, panereatic swelling 

was visible mainly in the taU and part ot the body. In same are as a dark red 

discolouration occurred among areas of glassy oedema, but the head and part of 

the body remained normal. No plaques of fat necrosis or ascites were seen. 

MicroscoEical :features:- There was focal liquefaction necrosis, scattered 

f'oci of interstitial haemorrhage and widespread oedema of the interlobular septa. 

Small f'oci of fat necrosis were seen. The blood vessels were dilated and showed 

same margination of polymorphe. Small arteries were well maintained. There was 

some loss of definition and of staining of the elastic fibres in veins. 

Sixty Minutes 

Gross a;ppearance :- The tail of the pancreas a.ppeared swollen and mushy,. 
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with wide blackish areas which resembled blood clot. The head of the organ was 

largely intact; the body was oedematous, with red streaks and small black areas 

of haemorrhage. A moderate amount of serosanguineous ascites was present. 

Microscopical features:- The liquefaction necrosis was more extensive, 

as was the interstitial oedema and haemorrhage. The arteries showed loss of 

elastic tissue in the adventitia. The changes in the veins were more pronounced, 

with complete loss of elastic tissue and destruction of the vein wall. Intra

luminal tbrombosis of arteries and veins was seen (Fig. 5 and 6). 

Three Hours 

Gross appearance:- By this time, more bloody, brownish ascites had 

accumulated, and the involved part of the pancreas resembled a large blood clot, 

more or less sharply demarcated fran uninvolved parts of the organ. 

Microscopical features:- Marked interstitial haemorrhage was seen, 

with extensive liquefaction necrosis. The internal elastic lamina of small 

arteries appeared destroyed, and in same places the walls of campanion veins had 

canpletely disappeared. 'Ghost' veins could be seen. Thranbosis was seen in 

arteries and veins alike (Fig. 7 and 8). 

E: EVALUATION OF RESULTS AND DISCUSSION 

In this part of the study it has been shown that, in trypsin-induced 

acute pancreatitis in dogs, a significant decrease in proelastase content occurred 

in the most-involved (tail) as compared with the least-involved part (head) of the 

pancreas. A less pronounced decrease in the proenz.yme was found in the body 

(central part). The lowest values for proelastase were alwa,ys found in the tail 

of the pancreas, in which Grade ;-4 changes were regularly seen, and tissue 

sections from adjacent areas showed signs of vascular destruction, including 

elastolysis, in 60-minute and 3-hour pancreatitis. The decrease in dry weight/g • 

tissue followed the same pattern, with the lowest mean values f'ound in the most-
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FIGURE 5: Trypsin Pancreatitis in 60 Minutes: 
Widëspread disappearance of elastic tissue in the walls of 
two venules, loss of elastic tissue in adventitia of neigh
bouring arteriole. Internal elastic lamina maintained. 
Interstitial edema with marked early acute inflammatory 
changes. (Verhoeff's H. x lOO). 

1 2 Oa 

FIGURE 6: Trypsin Pancreatitis in 60 _·i.' <mtes: 
Disruption and destruction of wall of venule. Two neigh
bouring arterioles show same loss of elastic staining in 
adventitial and medial coat, but with sharply preserved internal 
elastic lamina. Interstitial edema and acuteinflammation. 
(Verhoeff's H. x 250). 
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FIGURE 7: Trypsin Par c :eatitis in 3 Hours: 
Complete dissolution of wall of venule. Arteriole showing 
loss of elastic tissue in adventitia and media and in a bread 
segment of the internal elastic lamina. (Verhoeff's H. x 250). 

FIGURE 8: Trypsin Pancreatitis in 3 Hours: 
Complete dissolution of elastic tissue in wall of venule and 
in adventitia and media of adjacent arteriole. Preservation 
of internal elastic lamina. Marked interstitial edema. 
(Verhoeff's H. x 250). 

120b 
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invoJ.ved part of the organ, but covariance analysis with the corresponding 

proelastase values conf'irmed that changes are real and cannat be attributed to 

diJ.ution. It appeara that in biJ.e- or trypsin-ind.uced pancreatitis there is a 

progressive decrease at proelastase content which is proportional to the degree 

of involvement of pancreatic parencbyma and to the length of time since the 

induction of pancreatitis. It is possible that complete activation of the pro

enzyme in the most-involved part at the pancreas occur& between 6o and 180 

minutes, since no measurable amounts of proelastase could be detected at the end 

of three hours. On the other hand, a slight increase in free elastase was found. 

in the most-involved part of the pancreas only in )-hour pancreatitis. Lack of 

substantial increase in free elastase levels in trypsin pancreatitis can be 

attributed possibly, to the same factors enumerated in the discussion at bile 

induced disease. No eJ.astolytic activity was detected in the ascitic fluid of 

dogs with 60-minute or }-hour pancreatitis. The inhibitory activity of pancreatic 

extracts was low, and no significant difference was found between the most-invol

ved and the least-involved part in 5-, 60-minute and }-hour disease. 

Trypsin is the pbysiological activator of proelastase; it is known 

that elastase is not susceptible to trypsin, since it can be liberated without 

losa at activity by trypsin from its inactive proenzyme and from combination 

with serum inhibitor {450). The histological f'indings of' severe necrosis of the 

walls of' arteries and veina, including dissolution of elastic fibres, were 

more severe than in bUe pancreatitis of equal duration. Here again the 

small veins appear ta be subject to early destruction. The liquefactio.n. necrosis 

produced by trypsin is characterized by profound. interstitial bleeding, in contrast 

with bile-induced coagulation necrosis where bleeding is minimal1 The evidence 

suggests that proelastase is activated by trypsin .!!! vivo, with resultant 

severe vascular injury, including destruction of arteries and veina, with 
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dissolution of elastic tissue, interstitial haemorrhage and thrombosis. 

In attempting to explain the severity of vascular injury in trypsin

as contrasted to blle-induced pancreatitis, the following points ~ be ctf 

significa.nce: it has been shawn tha.t the activity of elastase in vitro can 

be enhanced by the addition of trypain in the reaction mixture, and the inhibitory 

action of serum on elastase ~ be completely reversed by the action of trypsin 

in a stoicheiometric manner (450) • 
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CllAPrER xv 

ABSENCE OF ELASTOLYSIS IN THE CANINE MANDIBULAR GLAND IN BILE- OR TRYPSIN

INDUCED PARENCHXMATOUS NECROSIS 

A: IN'l'RODUCTION 

It bas been mentioned in Chapter VI, c, 1 tbat elastased activity 

bas never been found in any site other than the pancreas, with one exception, 

the aortic wall; this was found to contain a polysaccharide fraction that was 

capable of releasing àye fran a stained elastin preparation (,Sl). This tact, 

coupled with the specificity of elastase in effecting dissolution of elastic 

fibres at pcysiological pH, initiated this part of the study, which reports 

induction of parencbymatous necrosis in the mandibular gland of the dog by 

intraductal injection of autologous bile or trypsin. In this organ, which 

does not contain elastase, any vascular injury that might accanpatzy parenchy

matous necrosis should not include dissolution of elastic tissue, or even 

alterations in its stain'ng characteristics. 

Other authors (11) have injected trypsin solution or pancreatic 

juice into the subcutaneoua tissue of dogs, with resultant oedema and haemor

rhage at the site of injection, a finding which now has been attributed to 

elastase activity (45). On the other band, gall-bladder bile injected sub

cutaneously produced oedema but no haemorrhage (11). 

In this chapter the lack of elastolysis in the mandibular gland of 

dogs, in the presence of parencbymatous necrosis induced by the injection of 

bile or trypsin, and the inhibitory activity of extracts from normal and from 

necrotic mandibular tissue on an elastase/elastin--orcein system in ~ 

will be reported • 

B: MATERIALS 

Bile - 5 ml. autologous bile was obtained by puncture of the dog • s own gall 
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bladder. 

~liilin - 25 mg. crystalline trypliilin (the sam.e preparation as wu used for 

inducing trypsin pancreatitis, Chapter XIV, B, 1) dissolved into 5 ml. of the 

manufacturer' s solvent wu Uliiled. 

Experimental animals - lUne mongrel dogs of both sexes, each weighing 

10-18 kg., were anaesthetized b.Y intravenous administration of sodium pente

barbital (1 ml. f/1; liiiOlution/5 lb. bcdy-weight). Parenctzymatous necrosis of 

the right mandibular gland was induced by intraductal injection of bile or 

trypsin. 

Elastase - 15 units of twice-crystallized pancreatic elastase (Worthington 

Biochemical Corp., Freehold, N.J.) wu used for determination of inhibitory 

activity of mand.ibular tissue extracts fran normal (lett) and necrotic (right) 

glands. 

C: ME'I'HODS 

1. Enzxme Assa.ys 

Determinations of proelastase and free and total elastase were 

carried out with the same colorimetrie method used for the pancreatic tissue 

studies ( Chapter XI, E.). 'fhree 51> extracts were Uliiled: (a) fran the normal 

left gland, and (b) and (c) from two adjacent parts of the necrotic {right) 

mandibular gland. 

2. Inhibition Studies 

The inhibitory activity of mandibular gland extracts on an elastase/ 

elastin--orcein ~stem ~ vitro was determined with the method outlined in 

Chapter XIII, B, 9. The tbree sets of duplicate tubes were designated 

(a) blank, (b) extract of normal (left) gland, and (c) extract of necrotic 

{right) gland. Aliquots fran the sam.e primary extracts used for enzyme deter

minations were utilized for the study of inhibitar.y activity. 
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3· Staining 

The canbined stain of Verhoeff' s haematoxylin and Masson' s tricbrane, 

as described in Cha.pter XIII, B, S, was used for the histological sections. 

4. Canine Mandibular Gland 

Gross anatany - The mandibular gland usual.:cy is larger than the 

parotid. In large dogs it is about 5 cm. long X 3 cm. wide. It is rounded 

in outline, pale yellow in colour, and is enclosed in a fibrous capsule. Its 

upper part is covered by the parotid gland, but otherwise, it is superficial, 

and is palpable in the angle of junction of the jugular and external maxlllary 

veina. The mandibular duct leaves the deep face of the gland, passes along 

the surface of the occipito-mandibularis and styloglossua, and opens into the 

mouth on a very indistinct papilla near the frenum linguae (498). 

Histology - The mandibular gland is similar to the pancreas in the 

general plan of construction but differa in its secretory functions. It is a 

mixed gland, delivering beth sercus and mucous secretion, because it contains 

a canbina.tion of sercus and mucous units. The cambination consista of mucous 

units capped by cresent shaped aggregations of sercus cella called sercus 

demilunes (half moons). In the serous cella the nuclei are rounded and situ

a.ted near the bases of the celle; in mucous cells they are flattened and 

crowded against cell bases. Connective-tissue septa divide the gland into 

lobes and lobules. The interlobar ducts, fran which the interlobular ducts 

branch off, entering the lobules, are situated among dense connective tissue 

in the interlobar spaces. An arteriole and two or more venules a.ccompany the 

interlobar ducts. The elastic tissue in the walls of the vessels can be 

clea.rly visualized with an elastica stain. 

5. Induction of Parencgymatous Necrosis 

In blle-induced necrosis of the mandibular gland, first the abdanen 
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of the anaesthetized dog was opened and 5 ml. bile wa.s a.spirated by puncturing 

the gall bladder; a:fter the aspiration of bile the abdanen was sutured. In 

trypsin-induced parencbymatous necrosis a 5 ml. freshly prepared trypsin solu

tion was used. The outer surface of the right mand.ibular gland wa.s exposed by 

dividing the skin, subcutaneous muscle, and covering fascia. The anterior sur

face ot the gland was identitied and separated from the adjacent subl.ingual 

gland. The mand.ibular duct was separated from the surrounding connective tissue 

and cannulated with a polyethylene tube (size PE 50/S 12) which was secured in 

place with double silk ligature when it had been passed about 3-4 cm. into the 

duct. Five ml. af autologous bile or of 25 mg. crystalline-trypsin solution was 

injected, under 250 mm. Hg pressure; this was monitored with the mod.ified mercury 

manometer that was used for injection of the pancreas (Chapter XIII, B, 4). Mter 

injection the tube was removed. 

Autologous bile was injected into the right mand.ibular gland af five 

dogs; three of these were killed (by intravenous injection of 20 ml. $ sodium 

pentobarbital), at 5 minutes, one at 60 minutes, and one at ; hours. Trypsin 

was injected into the right mandibular gl.and of four dogs; one of these was 

kil.led at 5 minutes two at 60 minutes, and one at ; hours. The gland was 

removed and sliced longitudinally and the gross appearance of the parenceyma 

was recorded. One halt ot the right gland was placed in Bouin' s fixative for 

histological examination, and the other in dry ice. Subsequently, the normal 

(left) gland was removed and placed in dry ice. Enzyme and inhibition studies 

were made on extracts af both glands soon therea:fter. 

D: RESULTS 

1. EnZlffi! Determinations 

No proelastase was found in extracts of normal or necrotic gland; 

the negligible amount of free elastolytic activity that was noted was wel.l 

within the range of error of the colorimetrie determination. 
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2. Inhib1tg;y Activity ot Mandibular-gland Extracts on Elastase in Vitro 

Normal gl.ands - Extracts of the nor.mal mandibular glands of the 9 

dogs showed a mean inhibito.ry activity of 96.$ on the elastase/ elastin--orcein 

aystem. Necrot1c glands - E:x:tracts of the necrotic m.andibular glands of the 

same 9 dogs showed a mean inhibito.ry activity ot 9;. ~. An analysis of 

variance showed a significant difference between the mean inhibitacy activity 

of extracts fran the normal and necrotic glands (P < 0.05). However, covar

iance anacysis of the values for inhibitacy activity and the dry weights of 

ma.ndibular tissue was not carried out. 

;. Patholos:y 

Gross a;ppearance:... Jmmediately after injection the gland was consider

a.bly swollen, to about twice normal size, in all cases. At five minutes the 

parencbyma. appeared pale yellow but without haemorrhage after bath bile or 

trypsin injection. At 60 minutes and three hours the gland was oedematous and 

sotter than the normal vith a small amount of brownish mucous contain1ng flu1d 

e.xtruding fran ita surface. Here aga1n there was a. brown-yellow appearance 

of the parencbyma v1thout gross evidence of haemarrhage. 

Microscop1cal features:-

Five Minutes:- Necroliis of mucous and serous cells was seen a.fter 

injection of bile; following trypsin injection, these cells appeared blurred, 

vith frequent loss of nucle1. The interlobar and interlobular spa.ces appeared 

vider than normal, with the septa maintaining almost normal staining character

istics. No destruction of veaael valls was seen 1n bile- or trypsin-induced 

necrosis, and no elastolysis. 

Sixty Minutes:- More pronounced necrosis of' both types of' parenc~

matous cells (mucous and serous demilunes) occurred vith marked oedema of the 

interlobar and interlobular spaces, which were filled with fibrinoid materia.l. 
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The aepta lost the ir staining pœer canpletely. The overe.ll. picture was that 

of coagulation necrosia, with loss of nuclei and preservation of cell outlines 

induced by the injection of bile. In trypsin-induced necrosis, there was dis

integration of cells and &light infiltration by inflammatory cella, but the 

septa maintained almost normal staining capacity. In both bile- and trypsin

induced necrosis, however, there was no vascular injury and no evidence of 

elastolysis (Fi.g. 9 and 10). 

Three Hours:- There was advanced coagulation necrosis of both cell 

types, widening of the septa, but still no vascular destruction and no elastoly

sis after injection of bile. Following trypsin injection, advanced parenchyma

t ous necrosis developed, with moderate inflammatory cell infiltration, widening 

of septa, and, again, no vascular destruction or elastolysis. There was no 

losa of staining power of elastic tissue (Fig. 11 and 12). 

E: EVALUATION OF RESULTS .AND DISCUSSION 

In this series of experimenta it was shown that the intraductal 

injection of bile or trypsin in the mandibular gland of the dog produced paren

cbymatous necrosis of mucous and serum cells but no vascular destruction and 

no dissolution of elastic fibres. This finding is in striking contrast with 

changes in bile- or trypsin-induced pancreatitis of the same duration (60 

minutes and 3 hours), in which vascular destruction and elastolysis regularly 

occurred. Two points are of particular interest -- the absence of elastase in 

the mandibular gland and the strong inhibitory activity of mandibular extracts 

against elastase !a vitro. In these circumstances, even if elastase were 

present in maodibular tissue it is doubtful whether any degree of elastolytic 

activity would have developed. On the other band, it has been shawn that 

bile or trypsin alone is unable to effect vascular destruction. The strong 



FIGURE 9: Mandibular Gland Bile Induced Parenc tous Necrosis in 
0 Minutes: Medium size interlobar venule retains normal 

complement of elastic tissue. An island of mucus glands 
shows loss of nuclei, though cells persist as "ghosts". 
(Cambined Verhoeff's H. and Masson's T. x 50). 
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FIGURE 10: ~.LB.Ildibular Gland Showi sin Induced Parenc atous Necrosis 
at Minutes: Ducts well maintained; arterioles and venules 
retain full complement of elastic tissue; focal, early necrosis 
of individual acini or small groups of acini. (Combined 
Verhoeff's H. and Masson's T. x 50) . 



FIGURE 11: Ma.ndibular Gland, Showing Bile Induced Parenclzymatous Necrosis 
at 3 Hours: Elastic tissue of arteriole 
maintained; large duct intact; loss of 
persistence of cell and acinar outlines. 
H. and Masson's T. x lOO). 

a.nd venules is well 
nuclei in parenchyma; 

(Cambined Verhoeff's 

FIGURE 12: Mandibular Gland, Shot-Ting Trypsin Induced Parenchymatous 
Necrosis at 3 Hours: Arteriole and venule ''lell maintained; 
parenchymal necrosis more advanced. Miner early inflammatory 
changes. (Cambined Verhoeff ' s and Masson' s T. x 100). 

128 b 
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inhibition of elastolysis by extr.acts o:f mandibular gland, as contrasted 

with the minimal inhibition by pancreatic extracts on the same elastase/ 

elastin--orcein system, possibly underlines the signi:ficance of the pancreatic 

elastase inhibitor in the pathogenesis of vascula.r injury in a.cute pancrea.

titis • 



CHAPl'ER XVI 

THE EFFEC'f OF ELASTASE ON P ANCRE.ATIC TISSUE SLICES 

A: INTRODUC'fiON 
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The use of the light microscope in the study of the effect of 

e1astase an intact elastic tissue was introduced the ssme year as the discovery 

of the enzyme (:;:;7). It was found tbat when elastic tissue is exposed to 

elastase its staining capacity is reduced or totally absent, depending upan 

l.ength of incubation with the enzyme. others (12) bave studied the effect of 

elastase on the arterial wall in vitro and by arterial perfusion .!!! !!!.2• In 

this study the effect of twice-crystallized pancreatic e1astase on the e1astic 

tissue of the walls of arteries, veins and ducts of pancreatic tissue slices 

has been investigated. Histological evidence of the sel.ective destruction of 

el.astic fibres and the nonspecific proteolytic activity of elastase on the 

pancreatic ·parencbyma wil.l be reported in this cbapter. 

B: MATERIALS AND MJmiODS 

1. El.astase 

Twice-crystallized pancreatic e1astase (Worthington Biochemical Corp., 

Freehold, N.J.) prepared by the methOd of Lewis !l.!!• (:;71) was used. The 

same preparation was empl.qyed in determinations of the inhibitory activity of 

pancreatic and mandibular-gland extracts ( Chapters XIII, B, 9; XIV, B, 2; and 

'XV, B, ) and for the induction of e1astase pancreatitis ( Chapter XVII, B, 1). 

2. !XPerimental Animals 

Two mongrel dogs were killed by intravenous injection of 20 ml. fil, 

sodim pentobarbital. The ahdanen was opened at once and the whole pancreas 

was removed, p1aced in crushed ice, and tak.en to the 1aboratory, where it was 

immediately sliced and processed for the incubation studies. 
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3· Incubation Technique 

a) Preparation ot: tissue - Portions of the pancreas were p1aced on 

a petri dish filled with crushed ice. The pancreatic tissue was eut, using 

a Stadie - Riggs tisaue s1icer ( 483), and weighed on a torsion balance; 

s1ices weighing 148-240 mg. were placed in 25 ml. Er1enmeyer f'la.sks containing 

appropriate media, as indicated below, and chilled in crushed ice. Af'ter 

addition af the slices, the vesse1s were gassed with o2 for 2i minutes and 

0 
then incubated at 37 c. in a shaker bath for the indicated period ot: time. 

b) tl;)?es of Experimente -

!q>eriment No. 1. - The incubation media was a Ca *-f'ree Krebs - Ringer 

solution containing Na.Cl (145 mM), KCl (5.8 mM) m2Po
4 

(1.4 mM), and Mgso4 

(1.4 mM). The medium was buffered at pH 8.8 with 1110 mM Tris (bydroxymetcy1-

sm.ino-metha.ne) to final volœe 3 ml.; incubation time was 40 minutes. The 

elastase content of the f'lasks was nil, 24.5 units, 77 unite, and 210 unite, 

in f'lasks la.belled a, b, c and d, respective~. Experiment 2. - The incubation 

medium consisted of' 275 mM isotonie sucrose in place of the Krebs - Ringer 

solution, 100 mM. Tris buf'f'er (pH 8.8), 18 mM sodium malonate where indica.ted, 

and the f'ollowing am.ounts of enzyme: nU, 24.5, 77, 210, 140 and 140 units + 

18 mM Na :malonate, in f'lasks labelled a, b, c, d, e and f, respective~. Final 

volume in all cases was 3 ml., and incubation time was 40 minutes. In both 

experimente the reaction wa.s termina.ted by removing the f'la.sks fran the bath 

and cooling them in crushed ice. The slices were removed with forceps, pla.ced 

in Bouin' s fixative, and prepared for histologica.l staining. 

4. StaJ.ning 

Verhoeff' s ha.e:ma.taxylin was used for staining at tissue f'rcm experi

ment No. 1 (Cha.pter XIII, B, 8) and a canbination of Verhoeff' s and Masson' a 

stains was employed in the tissue fran experi:ment No. 2 (Chapter XIII, b, 8). 
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D: RESULTS 

1. E?cperiment No. 1 

Gross ap:pea.rance 

page 1:;2 

There was good preservation of tissue in the control slices. The 

incubation :fluid was clear. There was increasing loosening of tissue and of 

turbidity of :fluid in slices b, c and d. 

HistolO&Y 

a) Control - No elastolysis was seen. The a.rteries contained a thick, 

wavy, continuous interna! elastic lamina, and finer discrete elastic :fibres 

scattered throughout the media and adventitia. The veins contained one or more 

fine continuous elastic laminae in their walls, and there were small autolytic 

foci in the parenclzyma, in the centre of the slices (Fig. 1:;). 

b) 24.5 elastase units (E.U.)- The elastic tissue was maintained in 

the arterial and duct walls, but that o:r the veins showed loss of definition 

and of intensity of staining. There were areas of autolysis in the centre of 

the slices {Fig. 14). 

c) 71 E.U. - Dissolution of elastic :f'ibres and loss of staining 

power was observed. There was some autolysis in the centre and necrosis of 

the parenc}\ym.a in the periphery o:r the slices (Fig. 15) • 

d) 210 E.U ... No elastic tissue could be identi:fied in the walls 

of arteries, veins, or ducts. Moderate parenc~ necrosis had occurred 

throughout {Fig. 16). 

2. Experiment No. 2 

Gross appearance 

Good preservation of tissue was observed in the control slices and 

no turbidity was seen in the incubation fluid. Increasing turbidity of the 

medium and loosening o:r tissue was seen in slices b, c, d, e and f. 



FIGURE 13: 

FIGURE 14: 

132a 

Dog Pancreas in Krebs-Ringer Solution and Tris Buffer at 37°C. 
for 40 Minutes: Arteriole and venules a:ppear intact; they 
retain a shar:ply staining normal complement of elastic tissue. 
(Verhoeff 1 s H. x 8o). 

Dog Pancreas in 24.5 Units Elastase in Krebs-Ringer Solution 
and Tris Buffer at 376C. for 4ô Minutes: Arteriole showing 
loss of intensity of staining in internal elastic lamina. 
VënUle showing wides:pread loss of definition and staining of 
eiastic cam:ponent. (Verhoeff's H. x 8o). 



FIGURE 15: 

FIGURE 16: 

132b 

Dog Pancreas in 77 Units Elastase, in Krebs-Ringer Solution 
and Tris Buffer at 37°C. for 40 minutes: Arteriole showing 
loss of elastica in media and adventitia, with attenuation 
and focal disruption of internal elastic lamina. (Verhoeff's 
H. x 80). 

Dog Pancreas in 210 Units Elastase, in Krebs-Ringer Solution 
and Tris Buffer at 37°C. for 40 Minutes: Complete loss of 
elastic fibers in periductal connective tissue. Autolytic 
parencbymal changes. (Verhoeff' s H. x 80). 
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Histology 

a) Control - No elastolysis was seen in these sections. Minimal 

autolysis of pa.ncreatic parenchyma was observed, however, in the centre of' 

the lobules. 

b) 24.5 E.U.- A moderate degree of necrosis of the parenc~was 

seen, especially in the periphera.l parts of the lobules, and there was a sub

stantial degree of' dissolution of elastic fibres, more pronounced than in 

sections (b) of experiment No. 1. 

c) 77 E.U. - Becrosis of parenchyma and dissolution of elastic 

fibres ha.d occurred in vessel and duct walls, w1th fragmentation of internal 

elastic lamina of arter1es. The latter changes were more pronounced than in 

sections (c) of experiment No. 1. 

d) 210 E.u. - Pronounced necrosis of pancreatic parenchyma and 

complete dissolution of elastic fibres were observed. 

d) 140 E.U. - Dissolution of parenchyma, with almost complete 

digestion of elastic fibres had taken place. The walls of vessels ànd ducts 

were still surrounded by a rim of collagen tissue. 

f) 140 E.U. + 200 mM sodium malonate - lldvanced dissolution of 

parenc~ and complete digestion of elastic fibres had occurred. The walls 

of arteries, veins and ducts were completely digested. 

D: EVALUATION OF RESULTS AND DISCUSSION 

In this study, fresh pancreatic tissue slices were well oxygenated to 

secure respiration in the pancreatic cell - a prerequisite for preservation of 

its natural resistance to proteo~ic activity and avoidance of the autolysis 

that follows disruption of the normal equilibrium between synthetic and cata

bolic activities (14} • 



In experiment No. 1, an attem.pt was made to ma1ntain isotonicity,. 

and a cbemical enviroament as nearly pbysiological as possible on the one 

band and an optimal pH for elastase a.ctivity on the other. It was realized, 

hatJever, tbat sane degree of elastase inhibition by the salta of the Ringer' s 

solution was unavoidable. In experiment No. 2, sucrose solution wa.s used to 

ma.intain isotonicity and to a.void the inbibitory effect of salts: this theor

etical a.ssumption was sUbstantiated by the histological findings. The dissol

ution of elastic fibres seen in the slices incubated in media that contained 

sucrose were more advanced than were the changes seen in slices incuba.ted in 

media that contained the same concentration of elastase ( experiment No. 1) • 

Al.so, the pa.renceymatous changes in the {f) slices in experiment No. 2, which 

contained sodium malona.te, a potent inhibitor of succinic debydrogenase, were 

much more severe tban in (e), which contained the seme concentration of elastase 

units but no inhibitor. Sections :from slices (b) and (c) of experiment No. 1 

s hœed changes closel;r resembling the vascular inJury observed in sections 

:fran bile- or trypsin-induced pancrea.titis. 

In both experimenta the elastol:ytic and nonspecific proteol:ytic 

activity of pa.ncreatic ela.stase are evidenced by the selective destruction of 

elastic fibres and the dissolution of pancreatic cella. Bane degree of 

inhibition of elastolysis by the salta of the Binger' s so1ution in experiment 

No. 1 and potentiation of cytolysis by sodium m.a.J..onate in experiment No. 2 

bave been observed. On the ba.sis of this stud:y it is reasona.ble to assume 

tha.t the release of ela.stase during bile- or trypsin-induced pa.ncreatitis 

effects destruction of elastic tissue in the walls of arteries and veina and 

also contributes to sau.e extent to the developnent of parenclzyma.tous necrosis. 
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CBAP!'ER XVII 

IN'I'RA:PANCRE.ATIC ELAS'.fOLYTIC AND NŒSPECIFIC PROTEOLYTIC 

AŒ!IVJ!fi m EL.ASTASE-mDUCED ACUTE PANCREATrfiS IN THE DOG 

A: mrRODUŒ!ION 
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Aoute ha.emorrbagic pancreatitis 1n dogs,. ind.uced by the intraductal 

injection of a solution ar electrophoretically purified pancreatic elastase in 

a relative~ large dose (75 mg. ar protein = 12,000 elastase units),. has been 

reported (12) ; the findings of the se workers have been discussed 1n Chapter 

VIII. In fact that pancreatitis was ind.uced by injection of a substantial 

dose of this enzyme, wh1ch is characterized by potent specifie elasto~ic 

and broad nonspecific proteo~ic activities, ahould cane as no surprise. The 

authors focussed their attention on the changes 1n arterial walls and., as far 

as sma1l veins were concerned, reported only :fresh intralmdnal thrcmbi. In 

our stlldy on bUe- or trypsin-induced pancreatitis (Chapters XIII and XIV) it 

was shown that the medium-sized and sma1l veins were the vascular structures 

that appeared to be most vulnerable to the action of elastase. 

In this study, acute pancreatitis was induced 1n dogs by intraductal 

injection o:f a relatively small dose of pancreatic elastase; observations o:f 

the type of parencl:\Yma.tous necrosis and of vascular injury will be reported. 

B: MATERI.ALS AND METHODS 

1. Ela.stase 

Twice-crystallized pa.ncreatic elastase (Chapter XIII, B, 2) was used, 

1n a dose of 1925 E.U. 1n 10 ml. distilled water. The enzyme solution was 

kept at 0° - 4 ° c. and was wa.rmed to near body temperature immediate~ bef' ore 

use • 

2. Experimental Animals 

Two mongrel dogs weighing 15 kg. each were anaesthetized by the 1ntra.-
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venous injection of 1 ml. $ sodium. pentobarbital solution per 5 lb. body

weight; pa.ncreatitis was induced with the same technique as in the experi

menta in which bUe or trypsin was injected. Injection pressure was monitored 

with the modified mercury mananeter at 250 mm. Hg. Both animale were killed 

at 60 minutes by the intravenous administration of 20 ml. $ pentobarbital. 

solution. The pancreas was removed immediately, the macroscopic appearance 

graded fran 0 to 4- (Chapter XIII, B, 4), and specimens correspond:Lng to 

Grade-3 changes were obtained and placed in Bouin' s fixative for histological. 

etudies. 

3· staining 

Verhoeff's haematoxylin and Masson's trichrome stains were cambined 

for the histological. sections (Chapter XIII, B, 8). 

C: RESUiœS 

Gross appearance 

Imm.ediately after the injection of elasta.se, the taU and part of 

the body showed oedema and small punctate ha.emorrhages. Gradually the pancreas 

becam.e more congested, and confluent haemorrhages appeared on 1ts surface, but 

the head o:f' the organ remained intact. At the end of 60 minutes haemorrhagic 

pa.ncreatitis had developed, accampa.nied by the accumulation of a small am.ount 

of serosa.nguineous ascites. When the pancreas was removed, the observed 

changes were graded as 0, 2 and 4 for the head, body and tail, in both cases. 

Microscopical features 

There was severe oedema and ha.emorrhage in the interlobular septa; 

in sane places the haemorrhage was dissecting and destroying the parencb,yma.. 

Elastase-induced parencb,yma.tous necrosis closely resembled the necrosis 

induced by trypsin at three hours. The blood vessels in the interlobar septa 
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and their intral.obula.r branches were d.i1ated and paclœd with s1udged.red 

cella,; fresh thrombi could be seen in medium-sized veina. The in:f'lammatory 

response was focal. a:nd minimal.. All veina showed some al.teration in their 

elastic component, varying from losa of definition and staining intensity to 

destruction and complete disappearance of broad segments of the vesse1 wall. 

The arteries showed loss of adventitial. elastic tissue and in sane cases there 

was loss of staining and destruction of the internal. elastic lamina. The 

elastic tissue of the duct walls was relatively well maintained {Fig. 17, 18, 

19 & 20). 

D: EVALUMION OF RESULTS AND DISCUSSION 

It bas been shawn that the injection of bile (Chapter Xlli) or trypsin 

( Chapter XIV) into the pancreatic duct of dogs, a.t pressure of 250 mm. Hg, 

regularly induces acute pancreatitis, with resultant release of elastolytic 

activity in the involved part of the organ, as indicated by the reduction in 

proelastase content per g. tissue and histological. evidence of elastolysis. 

In this part of the stuicy", pancreatic elastase itself, injected at 

the same pressure and in a relatively moderate dose (1925 E.U.), induced acute 

pancreatitis which wa.s cha.racterized by liquefaction necrosis of the pa.rencl:zym.a. 

and vascular destruction which included dissolution of ela.stic fibres. Such 

an effect on the pancreatic tissue is the result of both the elastolytie and 

the nonspecific proteolytic activity of elastase. The degree of activation and 

release, if any, of other proteolytic enzymes during the process of ela.stase

induced pa.ncreatitis is not known. However, of considerable significanee is 

the fact that elastase al.one prod.ueed a.t 6o minutes a pronounced parencl\Ymatous 

and blood-vessel destruction and thrombosis which resembled trypsin-induced 

pancreatitis at three hours. The striking features of the elastase-indueed 



FIGURE 17: Elastase Pancreatitis in 60 Minutes: 
Focal hemorrhagic necrosis of parencnyma. (Cambined 
Verhoeff's H. and Masson's T x 100). 

FIGURE 18: Elastase Pancreatitis in 60 Minutes: Arteriole shawing 
segmental attenuation of internal elastic lamina, with 
complete disappearance in a restricted portion. Loss of 
elastic tissue in adventitia. Wall of venule sh~1s lack 
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of definition of elastic tissue with focal disruption. Minor 
early acute inf'lammatory changes. (Combined Verhoeff' s H. and 
Masson's T. x 100). 



FIGURE 19: E1astase Pancreatitis in 60 Minutes: 
Venule showing segmental attenuation of wall, with focal loss 
of staining and disruption of elastic camponent. Adjacent 
parencbyma showing ear1y necrotic changes. (Combined 
Verhoeff's H. and Masson's T. x 100). 

FIGURE 20: Elastase Pancreatitis in 60 Minutes: 
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Venule wall showing complete 1oss of elastic tissue. Arteriole 
showing a well maintained internal e1astic lamina and segmental 
loss of e1astic camponent of adventitia adjacent to involved 
venule. (Cambined Verhoeff's H. and ~~sson's T. x 100). 
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pa.ncreatitis were ha.emorrbage and oedema in the interstitia.l spa.ces, necrosis 

of the parenchyme., destruction of vessel. wa.ll.s, especial.l.y of medium sized 

and sma1l veina, and thrambosis; the vascular l.esions were al.so reminiscent 

of those seen in cl.inica.l haemorrbagic pe.ncreatitis (;1). These findings, 

coupl.ed with resul.ts of the in vitro studies (Cha.pter XVI), suggest that 

pe.ncreatic elastase pleys an important, if not the major role, in production 

of the vascular injury that occurs in the acute experimental pancreatitis in 

dogs that resulta from injection of bUe, or trypsin • 
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CHAPrER XVIII 

GENERAL DISCUSSION 

page ~39 

The re~ease of inappropriate en~tic activity into the pancreas 

constitutes the most p~usib~e mechanism concerned in the pathogenesis at 

acute pancreatitis, and ha.s been he~d responsib~e for both the pa.rencb,ymatous 

necrosis and the distinct vascular injury, including thrombosis and destruction 

of b~ood vessels. The distributing intrapancreatic arteries and veina, up to 

their small.est ramifications, contain a modest amount of e~stic tissue. The 

specificity of elastase in effecting digestion of elastic tissue and other 

proteins brings this particular enzyme, fran the host at pancreatic peptid-

a.ses, into sha.rp focus. However, exp~oration of the role of ela.sta.se in regard 

t~ the vascular injury of acute pa.ncrea.titis required assessment of the natural 

stores of its zymogen in the pancreas of the dog and investigation of the tate 

of the proenzyme and the beha.viour of the free enzyme in the modified chemical 

environment of expertmentally induced pancreatic int~ammation and necrosis. 

Thus, the develapment of a re~iable colorimetrie method suitab~e tor quantit

ative determination of proelastase and free and total e~stase in pancreatic 

tissue extracts and other biologieal materials, and the definition of an 

appropria.te elastase unit, were considered of great significance in this atudy. 

However, certain ditficulties had to be overcome. The most important prob~em 

was the complexity of the e~astase/ e~stin interaction (350, ;64, 460, 46~, 462), 

stemming from the fact that the init~ s~ow phase of the elasto~sis tilne 

curve {due to the ads~ion of the enzyme on the substrate) is exact~ the 

reverse at the phenanenon encountered in other enzyme systems, in which a 

small substrate molecule is adsorbed on to the surface at a colloid~ 

dispersed enzyme. Preparation and particle size of elastin, and an optimal and 
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constant pH for elastase, secured with a suite.b~e bu:f'fer, were most important. 

Therefore, strict criteria were estab~ished for determination of the rate of 

e~asto~sis between the ~0- and 40-minute reaction times and in a re~tively 

~ow enzyme concentration (with the 5~ pa.ncreatic extract}, to achieve a ~inea.r 

e~astolysis-time curve (349). It is fe~t tha.t this objective wa.s ~gely 

achieved by the method. described. The error for proela.sta.se and tota.l-e~tase 

estimations is rela.tively small, but that for free e~asta.se is considerable, 

because of the small amounts measured and their considerab~ fluctuation in 

different parts of the same pancreas. 

Co~orimetric method.m using a dyed e~tin aubstra.te have been criti

cized as representing a reaction t:ar removed fran normal conditions (349); it 

haa been sa.id tha.t the points of atta.ck of eJ.astase on powdered e~astin may be 

quite disaimila.r fran those of fresh tissue. On the other band, in a molec~e 

with so few polar groups as ela.stin, sites of dye attacbm.ent may be intimately 

re~ated to those at which the enzyme becanes a.ttached. It seems tha.t staining 

of e~stin with resorcino~-t:uchsin, for example, inhibits e~astase attack on 

whole tissue but not on powdered materia.l. Another point of criticism is that, 

because of the dual nature of elastolysis (so~ubUization and hamogeneous 

reaction), anly a portion of the whole enZYme can be regarded as being av~

able for the measurable solubUization reaction (;84). Measurement of the 

re~ease of amino groups as practised by Lamy et ~· (364), which ta.k.es into 

account both of these reactions, simp~ifies the system in one respect but 

camplicates it aJ.so, since the two reactions do not take p~ace at equa.l rates 

(;84). Furthermore, it has been said that estimations of e~asto~ic activity 

in wbole-pe.ncreas extracts apparently are bigber than tbeir elastase content 

would warrant, because of the synergistic ettect ot: the mucolytic canponent (347) • 

However, the colorimetrie method used in this stu.dy bas been found satistactory 
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for determinations of the elastolytic activity of pancreatic extracts, not 

only of nar.mal but of diseased tissue also. Excessive colour interference in 

extracts of pancreatic tissue is avoided to a great extent by the ;o-minute 

assey (10- to 40-minute reaction time). 

Whereas a significant variation in proeJ.astaae content was found to 

occur fr.an. one normal dog to another, no significant difference was observed 

in the three anatanical parts of the same pancreas, and negligible or no 

free elastase activity was detected. As far as is known, this is the first 

time tbat a $YStematic evaluation of the proelastase content of canine pancreas 

bas been und.ertaken; no similar data exist in the literature. 

Determinations of elastolytic activity in human pancreas obtained 

during surgery or fran kidney homotransplantation donors immediately after 

death have been considered inconclusive for the reasons en~erated in the 

discussion in Cha.pter XII, E. The findings are to sane extent in agreement 

with those of Lanw and Tauber (4:;1), who found no activity in human pancreas 

but gave no details of how the tissue was obtained. 

The identification of intrapancreatic elastolytic activity in the 

course of bile- or trypsin-induced pancreatitis at 5, 60 and l8o minutes in a 

sizable number of dogs was considered to be of great significa.nce in this study. 

'l'he decreasing gradient in proelastase content in the three parts of 

canine pancreas, corresponding rougncy to their degree of involvement, with the 

lowest values alweys observed in the most-involved ( tail) portion, constitutes 

an important finding, especially when coupled with the histological evidence 

of dissolution of elastic fibres of vessel walls in the sam.e area. This fact 

is in strik.ing contrast with data obtained previously in the same laboratory, 

concerning the tate of trypsinogen in the course of bile or trypsin pancreatitis 

induced by the same method.. No decreasing gradient (head --- tail) was found 
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ter trypsinogen (ll5), a fs.ct which indica.tes that the two zym.ogens, as 

determined in fresh pancrea.tic extrs.cts, beha.ve dU:f'erentJ.y, at kast in the 

initial stages of acute pancreatitis. 

Despite the fact that a significant decrease in proel.astase content 

was unUormJ.y observed in extracts fran the m.ost-invol.ved part as canpared 

with the least-involved part of canine pancreas {at 5, 60 and 18o minutes) in 

bile- and trypsin-induced pancreatitis, a concomitant modest increase in :f'ree 

elastolytic activity was found onl.y in the extrs.cts fran pancreatic tails of 

dogs su:ff'ering from trypsin pancreatitis of three hours' duration. On the 

other hand, no identifiable elastoJ.ytic activity could be found in the a.scitic 

fluid which s.ccmnula.ted by 60 and 18o minutes in bile- or trypsin•induced 

disease. The several possibilities regarding the fate of free elastase atter 

its release into the pa.ncreatic parencbyma have been enmnerated in Cha.pter 

VIII, D. It is possible tha.t part of the enzyme~ enter the general circu

lation via the venous or lympha.tic systems but the determination of elastolytic 

activity in the serum or pl.asma has never been s.chieved, due possibly to the 

presence of powerful inhibitors fer both el.astase canponents { 4;8, 4;9). 

Solution of this problem must awa.it refinements in methodology -

elastase determination in blood, preferably from the pwtal vein, during 

experi:m.ental pancreatitis. It seems plausible also that part of the enzyme is 

adsorbed on the elastic tissue of vessel and duct walls and the proteins.ceous 

camponent of pancrea.tic parencbyma and is not detecta.ble in superna.tant fluid 

a.fter centrifugation. However, irrespect ive of the ul.ti:m.a.te fate of the free 

enzyme, the dissolution of elastic fibres in the vessel walls tha.t bas been 

demonstrated with the elastica stains undoubtedly representa elastoJ.ysis 

subsequent to proelastase activation. The mechanism of activation of the 
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proenz.yme in the necrotic parenc~ in bile pancreatitis is not clear: 

whereas bile does not activate trypsinogen (115) or proelastase, it n:ta\Y' be 

that cathepsin-B liberated in the course of cyto.4'sis is responsible for this 

effect ( ;15, ;16). It is notewortey that a.IIY' rema.ining proelastase which has 

been extracted from the tail of the pancreas is easily activated ,!a vitro 

with an excess of crysta.lline trypsin during the enz.ymatic studies on tissue 

obtained fran both bile- and trypsin-induced pancreatitis of 5 and 60 minutes' 

dura:tion. However, extracts of the most-involved part of the pancreas from 

;-hour bile- or trypsin-induced disease yield no measurable amounts of pro

elastase. 

Another interesting finding relating to the activity of liberated 

elastase into the pancreas in the course of induced parencbymatous necrosis 

is the law inhibitory activity of pancrea.tic extracts frcm the head and tail 

of the organ, on the ela.sta.se/ elastin--orcein system ,!a vitro. This finding, 

which is in agreement with data f'rcm another laborato:ry (4;2), possibzy :implies 

that no substantial interference in intrapancreatic elastase activity released 

in the course of' acute pancreatitis should be anticipated. A decrease of 

inhibitory a.ctivity in the most-iuvolved part of' the pancreas in bile- or 

trypsin-induced pancreatitis was not observed. In previous studies in this 

labora.tory, it has been shown that the pancreatic trypsin inhibitor behaves 

s:imilarzy in canine bile-induced pa.ncreatitis (115). 

Intrapancreatic elastolysis follawed a pattern of' increasing severity 

(loss of staining power and definition in f'ive-minute, and destruction of' 

elastic tissue and vessel walls in 6o-minute and ;-hour pancreatitis). The 

early va.scular destruction and digestion of elastic fibres attests to the 

destructive capacity of elasta.se libera.ted in the interstitial tissues. The 
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vascular injury concomitant with the liquefaction necrosis of trypsin pancre&-

titis is more pronounced than that seen in bile-induced coagulation necrosis, 

despite the fact that elastolysis is observed in both; whereas tbranbosis of 

vessels prevails in the latter, interstitial haemorrhage is the main character-

istic of the former. 'l'his strild.ng difference in regard to the vascular 

component of pancreatic necrosis is quite remarkable and supports earlier 

data f'ram this la.boratory (115) that have em.phasized the dissimilarity of the 

histopathology in bile- and trypsin-induced disease under identical experi-

mental conditions. 

The role of elastase in the production of the distinct va.scular 

injury of a.cute pancreatitis is further su;pported by the etudies on parenclzy'-

ma.tO\lS necrosis of the mandibul.a.r gland of the dog induced by the injection 

of bile or trypsin. No elastolytic activity could be detected in extracts of 

normal or necrotic tissue and no signa of elastolysis were seen 1n histological 

sections. 

An objective evaluation of the elastolytic and nonspecific proteo-

J.ytic activities of a crystalline ela.stase preparation was obtained with the 

.!!! .;..vi;;;.;t .. r.-.o studies on pancreatic tissue slices. The severity of the selective 

destruction of elastic fibres and dissolution of parenchyma parallelled the 

concentration of ela.stase 1n the incubation media. More-pronounced changes 

1n elastic tissue were observed when sucrose was substituted f'or salts, to 

maintain isotonicity, a f'inding related possibly to the inhibitory activity of 

the latter. 

The a.billty of a modest dose of elastase to induce a.cute ha.emorrhagic 

pancreatitis when injected into the pancreatic duct of the dog bas been tested, 

and the histological sections that show the eff'ects of ela.stase in vivo have --
demonstrated its ability to ef'fect vascul.a.r injury and parencbymatous destruc-
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tion which is reminiscent of the liquefaction necrosis of trypsin pancreatitis. 

The fact that this preparation of elastase is electrophoretica.J..47 inhamogen

eous (371), approaching possibly the activity of fresh pancreatic tissue 

extracts, malœs the observed changes more meaningful. The histological 

:f'indings in elastase pancrea.titis are canpara.ble to those reported by Schneider 

et !:!.• (12), who injected a larger dose of an electrophoretica.J.,4r purified 

preparation. 

In attempting to establish a common denauinator in the histopa.tho

logical changes observed in bile-, trypsin- or el.astase-induced pancreatitis, 

it seems tha.t the dissolution of elastic fibres and the early destruction of' 

medium-sized and sma.ll veina is the most striking :f'ind.:ing. The method used in 

this study for the induction of' acute pa.ncreatitis, consisting of' the intra

ductal injection of' materials under relatively high pressure, bas been shawn 

to be very sa.tis:f'a.ctorJ1 pancrea.tic necrosis was regula.rly produced in these 

and in previous studies (115). However, no attempt wa.s made to duplica.te 

the clinical picture of acute pancreatitis, but only to accelerate and 

ma.gnify the progress of the disease, providing an experimental model sui table 

:f'or enzymatic and histological studies. The available evidence strongly 

suggests an important role of pancreatic el.astase in the pathogenesis of the 

vascular injury of' acute experimental pancrea.titis in dogs. It seems tha.t 

vasctùa.r destruction and thranbosis ( 40;) can easily be attributed to elastase, 

without incriminating a cyperimmune reaction {52) or unidenti:f'ied toxins (39, 

48, 49, 5o-52). However, the role of elastase in e:f':f'ecting parenchymatous 

necrosis in the course of bile- or trypsin ... induced pancrea.titis cannot be 

a.ssessed. On the other band, a.s seen in the histologica.l sections, the ela.stic 

tissue of' vessel wa.J.ls is c.}.osely a.ssocia.ted with colla.gen, and the concœitant 
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destruction of this component 1n acute pancreatitis must be accounted for. 

EJ.astase is unab~e to digest native collagen but is capab~e of eydrol;ysing 

its denatured form (268, 371, 469) at a rate ~0 times faster than elastin 

digestion (454). It is not known whether such denaturation occurs during 

pancreatic necrosis, which renders collagen suitable for digestion by e~astase. 

The opinion tbat rûease of collagenase activity (which could account far 

digestion of collagen} occurs 1n acute pancreatitis (;o), while phusible, 

needs further documentation. .Although the significance of elastase in clinical 

pancreatitis cannot be deduced from these studies, the follawing facts are 

considered of same significance. Amodest amount of e~astic tissue is present 

1n the walls of 1ntrapancreatic b~ood vessels and ducts of man ( 49;), and pro

elastase has been shawn to exist in pancreatic secretion (267). Certain 

diffic~ties concerning the determination of proe~astase 1n fresb and suitable 

buman pancreatic tissue must be overcome before an accurate determination of 

the proenzyme content can be accanp~ished.; also, the deve~opment of a method 

for elastase determination in the peripheral blood, obtained during the earl;y 

stages of acute pancreatitis in man, will be of value: it seems that such a 

method will soon be in use (50~). Studies on the serum elastase inhibitors in 

acute pancreatitis ~ shed some light on the posaib~e significance of an enzyme/ 

inhibitor interp~ in the pathogenesis of the disease. The release of intr~ 

pancreatic ehstol;ytic activity, with resultant pancreatic haemorrhage and 

necrosis, ~ explain the inability ar the trypsin inhibitor fran beef parotid 

gland (~55) to modif'y the course of the disease (;ll, 313, 478). 
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SUMMARY 

1. A brief outline of the possible mecbanism of tissue destruction 

in acute pancreatitis, as it appears when viewed in the J.ight ar newer concepts 

ar cell structure and function - the expression ar inappropriate enzymatic 

activity J.eading to cell degeneration and necrosis - has been presented. The 

ina.dequacy of existing information concerning the auto:cytic and hetero:cytic 

concepts of cell injury has been discussed and sane pertinent points relating 

to the canpl.ex enzymatic mecbanisms invol.ved in acute pancreatitis have been 

enum.erated. 

2. The histopathol.ogical features of acute pancreatitis, ranging 

fran oedema to parenchymatous and fat necrosis and haemorrhage, and the several 

aetiol.ogical factors that can precipitate the disease in clinical as weil as 

in experimental conditions, have been reviewed fran the extensive literature 

on the subject, with special emphasis on the vascuJ.ar injury and its pathogenesis. 

;. Certain aspects of enzyme s.ynthesis, secretion, and activation, 

and the mechanism of action of exportabl.e pancreatic proteol.ytic enzymes have 

been discussed. The literature on pancreatic elastase, as rel.ated to its 

origin, pbysical constants, secretion, purification, activation, specificity, 

and the mechanism and kinetics of el.astolysis, has been reviewed. The structure, 

composition, histochemistry and distribution of el.astic tissue as a camponent 

of vessel. wall.s haYe been outlined. The scanty information regarding the rol.e 

of pancreatic elastase in the pathogenesis of acute pancreatitis has been 

critically reviewed. 

4. A new reliabl.e colorimetrie method for quantitative determination 

of elastase activity in biological materials has been developed. Determinations 

of free and total elastase and proelastase in nar.mal pancreatic tissue of mongrel 
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dogs were perform.ed; ample stores of proelastase and no free elastase were 

found.. The proelastase and free elastase content of fresh lnmla.n pancreas 

was found to be low or negligible. 

5. Significant decrease in the amount of proelastase was found in 

the most-involved part (taU) of the pancreas of mongrel dogs as ccmpared with 

the least-involved part (head), in the course of bile- or trypsin-induced 

experimental pancreatitis, at 5, 60 and 180 minutes. Histological. evidence 

of elastolytic activity in the diseased pancreas, consisting of loss of 

staining power and dissolution of elastic fibres in the walls af medium-sized 

and small veins and arteries, was obtained by means of elastica stains. The 

inhibitory activity of pancreatic extracts on the elastase/elastin--orcein 

system in vitro was low, and no decrease of this activity occurred 1n the most

involved part of the pancreas in bile- or trypsin-induced pancreatitis. 

6. In the course of parenchy.matous necrosis induced in the mandibular 

gland of the dog by injection of bile or trypsin, no vascular destruction or 

dissolution of elastic fibres was found at 60 and 180 minutes. However, there 

was a pronounced inhibitory activity of mandibular gland extracts, from 

normal or necrotic tissue, on elastase !a vitro. 

7. Pancreatic tissue slices exposed under optimal conditions to a 

solution of crystalline pancreatic elastase showed selective dissolution of 

elastic fibres in the vessel and duct walls, and parenchymatous destruction of 

increasing severity, depending upon the enzyme concentration. 

8. The intrapancreatic elastolytic and nonspecific proteolytic 

activity of pancreatic elastase was observed in histological sections of dog 

pancreas at 60 minutes in elastase-induced acute pancreatitis. 

9. The proelastase - elastase enzyme system appears to be of 
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considerable significance in the pathogenesis ot the distinct vascular 

injury observed in acute experimental pancreatitis induced by bile or trypsin 

in the dog. The possible role of this enzyme s.ystem in clinica.l pancreatitis 

has been discussed • 
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CLAIM OF ORIGmALITY 

To the best knowleàge of the autbor the following are new contri

butions of this study: 

1. The development of a colorimetrie method for quantitative 

determination of free and total elastase and proelastase in biological m&ter

ials; under a strict set of conditions, zero-order kinetics are followed 

up to a certain amount of elastase activity. 

2. For the first time, a system.atic quantitative determination of 

proelastase free and total elastase content of normal dog pancreas bas been 

accanplished. 

:;. The same statem.ent holds concerning quantitative determinations 

of free and total elastase and proelastase in bile-induced pancreatitis, and 

in three anatanical parts of dog pancreas. 

4. For the first time, also, proelastase and free and total elastase 

bave been qu.antitatively determined in the course of trypsin-induced pancrea

titis in dogs. 

5. A correlation of the studies in (:;) and (4) with the histological 

evidence of elastol\Y'sis by elastica stains bas been acbieved for the first 

time. 

6. This study is the f'irst to be reported in which parencb;yma.tous 

necrosis bas been induced, by the injection of bile or trypsin, in the mandi

bular gland of the dog, and in which the absence of elastolysis bas been 

dem.onstrated. 

1. The effect of pancreatic elastase on pancreatic tissue slices _!!! 

vitro and the demonstration of vascular and parenchyma.tous injury bas also 

been achieved for the first time. 



8. This authar believes with reasonable certainty that the release 

of elastase activity is responsible far the vascular injury observed in the 

course of bile- or trypsin-induced acute experimental pancreatitis in the 

d~. 
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"It ia seant modesty for man, even if he is 'the higheat 

vertebrate' to presume that he can predict the coamic plan 

on the intendty of his joy and pain, or cement the star& 

together with even hi10 highest a.apira.tion&. 11 

Haner &lith. Fran Fi&h to Philosopher; 

Boston; Little, Brown, 1953 • 
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