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~~act-~~ur~ for the isolation of a kallikrein inhibitor from bovine pancreas and 
lung (Trasylol) are described. The inhibitor is thought to be present under physiological 
conditions as a dimer as its molecular weight is twice that calculated from the amino 
acid composition. pH-related changes in tertiary structure can be shown by changes 
of the absorption spectrum of the inhibitor. Enzymes inhibited by Trasylol are trypsin, 
chymotrypsin, kallikrein, plasmin, and to a lesser degree Pronase P and papain. Kinetic 
data of the inhibition and resorption by the organism as well as distribution in the 
body are described. 

Therapeutic actions ofTrasylo1 include: (1) inhibition of locally activated kininogenases 
which liberate kinins; (2) inhibition of the activation of the proteolytic “spontaneous 
activity” in pancreas homogenates; (3) decrease in secretory rate, and secretion of 
pancreatic enzymes and (4) inhibition of kininogenases in the vascular system, thereby 
preventing the liberation of kinins which cause circulatory shock. 

T~IE USE of antimetabo~tes and inhibitors of enzymes for therapeutic purposes has 
increased in recent years. According to its specificity, the trypsin-kallikrein inhibitor, 
Trasylol, can bring back pathologically increased proteolysis to normal levels. 

Forty years ago FreyZ2 demonstrated the presence of a high-molecular depressor 
substance in human urine which was later called kallikrein (because a similar sub- 
stance was present in the pancreas). A substance capable of inhibiting kallikrein 
was first found in human blood by Frey and KrauP~ 44a and was named kallikrein 
inactivator. Three years later a second kallikrein inhibitor was demonstrated in the 
parotid gland, spleen, liver, and lymph nodes of cattle by Frey et aZ.7* 45 Subsequently, 
Kunitz and Northrop51 isolated a trypsin inhibitor from bovine pancreas, and 
Astrups found a substance in bovine lung that inhibits ~brinolysis. 

Werle et aLg8 showed that the kallikrein inhibitor from bovine lymph nodes and 
parotid gland also inhibits trypsin and chymotrypsin. That the pancreatic trypsin 
inhibitor of Kunitz and Northrop can inhibit kallikrein from serum, pancreas, sub- 
mandibulary gland, and urine of most mammals was shown by Trautschold and 
Werle.ssv *@ In addition WerlelO@g l@4 demonstrated that the inhibitory substance from 
bovine lung has the same inhibitory specificity as the kallikrein-trypsin inhibitor from 
bovine parotid gland, lymph nodes, liver, and spleen. Finally, together with Marx, 
Werle found that these inhibitors can also inhibit plasmin.s@~ 599 @@ 

This kallikrein-trypsin inhibitor exists only in certain ruminants, and is especially 
abundant in various organs of the ox. It is different from the selective trypsin inhibitor 

* F~~Rfabriken Bayer A.G., Leverkusen, Germany. 
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present in the pancreas of man, dog, pig, ox, and probably all mammals; from the 
trypsin and chymotrypsin inhibitor present in the submandibulary gland of the dog; 
and from the trypsin inhibitor of the accessory sex glands of mammals.25> 3% 89 For 
example, the kallikrein-trypsin inhibitor is not secreted into the parotid secretion or 
the pancreatic juice, whereas the specific pancreatic trypsin inhibitor is found in low 
concentration in the pancreatic juice. Furthermore, the inhibitory spectrum of the 
serum inhibitors differs from that of the proteinase inhibitors derived from bovine 
organs (Table 1).90 

The tissues that contain the highest concentration of kallikrein-trypsin inhibitor 
are bovine parotid gland and bovine lung, with 300 to 400 KIU* per gram and 1000 
KIU per gram respectively (which corresponds to 170 to 230 ImU and 575 ImU 
respectively).2*T lo4 These tissues, therefore, constitute especially rich sources for 
isolation purposes. 

TABLE 1. INHIBITORY SPECTRUM OF NATURALLY OCCURING INHIBITORS 

Mammalian kallikreins 

Source Trypsin Chymotrypsin Serum Pancreas, Urine Plasmin 
submalidibulary 
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* Except dog and rat pancreas. 
t Except dog. 

PROCEDURES FOR ISOLATION 

Procedures for isolation of the kallikrein-trypsin inhibitor include alcohol frac- 
tionation and paper electrophoresis,‘@-4s and cellulose ion-exchange chromato- 
graphy.sO The inhibitor can be crystallized by salting out.49, 79 In the crystalline state, 
and also after chromatographic purification, the activity of 1 KIU corresponds to 
0.14 to O-15 pg of organic substance. The k~likrein-tr~sin inhibitor from bovine 
lung has been produced indus~ially in almost pure form on a large scale and is 
available commercially as Trasylol@. 

* Since kallikrein was the first enzyme found to be inhibited by Trasylol, the KIU (kallikrein 
inhibitor unit) is defined as that amount of inhibitor which under certain specific conditions produces 
50 per cent inhibition of 2 KU (kallikrein units, biologically determined). As most inhibitors for 
proteolytic enzymes also inhibit trypsin, we propose to define the inhibitory unit generally on the 
basis of trypsin inhibition. This so-called international inhibitor unit (IU) on the basis of trypsin 
inhibition is that amount of inhibitor (also of Trasyfol) which, under standard conditions, inhibits 
the activity of 1 international unit of trypsin activity; that is, the splitting of 1 pmole substrate, e.g. 
of BAPA (benzoylarginine p-nitroanilide), per min. This definition of IU may be used for all known 
synthetic substrates for proteolytic-esterolytic enzymes. 
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STRUCTURE AND PROPERTIES 
There is considerable evidence that no essential difference exists between the kalli- 

krein-trypsin inhibitors from various bovine organs.37 % 79 The kallikrein-trypsin 
inhibitor from bovine lung is a basic polypeptide composed of 58 amino acids. The 
amino acid sequence of the inhibitors from parotid gland and lung of beef has been 
shown19 2 to be the same as that found for the pancreatic trypsin inhibitor discovered 
by Kunitz (Fig. 1). 41 The molecular form in which the naturally occurring inhibitor 
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FIG. 1. Amino acid sequence of the Kunitz inhibitor from pancreas (after Kassell et a/.41). 

exists has not yet been fully elucidated. The molecular weight of 11,600 determined 
by Kraut and associate@ from the sedimentation constant was also found by An- 
dereri in preparations studied under physiological conditions. If the molecular weight 
6511 calculated from the amino acid sequence is taken as a basis, the inhibitor must 
be present largely as a dimeric aggregate, the mean molecular weight of 10,300 to 
11,800 being attributed to the presence of a small amount of the monomeric com- 
ponent. It may be that the association of two inhibitor molecules is mediated by a 
lower molecular connecting link. 1 When the molecular weight of the kallikrein- 
trypsin inhibitor is determined by gel filtration, complete dissociation of the inhibitor 
aggregates occurs, giving a molecular weight of 6700 f 200.26~ 90 Because of its low 
molecular weight, the inhibitor is dialyzable and cannot be precipitated by depro- 
teinating agents. 

The isoelectric point is pH 10.5. In a neutral and, in in particular, in an acid milieu, 
the inhibitor is remarkably stable, as it is also at high temperatures. Even in an 
alkaline milieu it is relatively stable.90 

At pH 5.9 the ultraviolet absorption spectrum has a ma~mum at 280 rnp and a 
minimum at 250 rnp. Detailed information on pH-related changes in tertiary structure 
can be obtained from the differential spectra. With increasing alkalinity, the tyrosyl 
groups come to the surface and dissociate. In strongly alkaline conditions there occurs 
an irreversible change in molecular structure, which is expressed as an abnormal 
absorption spectrum. Partial and reversible denaturation also takes place on addition 
of urea.Q0 

ENZYMES INHIBITED 

The inhibitor inhibits enzymes of different substrate specificity, which have in 
common esterolytic and proteolytic, and in some cases kinin-releasing, activity. Such 
enzymes are trypsin, chymotrypsin, various kallikreins, plasmin, certain bacterial 
proteinases from ~tre~t~~yce~ grisacs, and some cell proteinases not yet defined. 
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Trypsin 
The stoichiometric reaction of trypsin with Trasylol is pH-dependent above pH 11 

and below pH 6 and is reversible. Proteolytic, esterolytic, and kinin-releasing activities 
are inhibited to the same degree. With trypsin, as with the other enzymes described 
below, inhibition increases linearly up to limit values of 70 to 90 per cent. Complete 
inhibition is accomplished only by an inhibitor excess. In the physiological pH range, 
theoretically a 100 per cent inhibition of 0.56 to 0.7 pg trypsin is achieved by 1 KIU, 
whereas actually 1.2 KIU is necessary for complete inhibition. When BAPA is used 
as substrate, 1 ImU is bound to 0.27 pg of inhibitor (calculated from 50 per cent 
inhibition; see footnote*). 

The dissociation constant of the trypsin inhibitor complex is extremely low. Yet 
the inhibition of trypsin is a time reaction and requires 4 min to reach equilibrium 
when a lo-7 M enzyme solution is used at 25”. The inhibition is not competitive, 
provided the trypsin substrate (BAPA: Knt = 4.3 x lOA mole/l.) is added after 
formation of the trypsin inhibitor complex; if the substrate and the inhibitor are 
added at the same time, competitive inhibition results. The extrapolated inhibitor 
constant at pH 7.8 is 2 x lo-i1 mole/l. With decreasing pH value the dissociation 
of the complex increases; that is, the inhibitor constant becomes greater (for example, 
at pH 4.0 Ka = 2.6 x 10-9 mole/l.).90 

Chymotrypsin 
Because of the similarity between the properties of trypsin and chymotrypsin, 

what has been said about inhibition of trypsin applies also to a large extent to inhibi- 
tion of chymotrypsin. When SUPHEPA* (Km = 2.5 x 10-s mole/l.) is used as 
substrate, 1 KIU inhibits the activity of 0.44 pg chymotrypsin. The ratio of trypsin 
inhibition to chymotrypsin inhibition is 1: 0.68, based on equal weights. The chymo- 
trypsin inhibitor complex also dissociates in an acid milieu, although the dissociation 
constant at corresponding pH values is significantly greater than that for the trypsin 
inhibitor complex. In a mixture of trypsin and chymotrypsin it is trypsin that is 
preferentially inhibited by Trasylol.90 

Kallikrein 
First a brief word about the kallikreins. It was their hypotensive action that first 

drew attention to the presence of a kallikrein in the urine.22 Later their presence was 
demonstrated by Frey et al.24 in the form of the inactive precursor (prekallikrein) in 
the pancreas and blood plasma and, in an active form, in the submandibulary glands 
of all the mammals studied. The kallikreins are enzymes which exert a strictly specific 
proteolytic activity against an aa-globulin fraction of the serum (kininogen). They 
also possess an esterolytic action on certain synthetic amino acid esters of the type 
of BAEE.? It was at first thought that the kallikreins themselves lower the blood 
pressure, but Werle et al.969 97 showed that the depressor response depends on the 
enzymatic release of kinins from the serum precursor kininogen. In the same way 
trypsin acts as a depressor agent by kinin release. The pharmacological actions of the 
kinins include stimulation of smooth muscle, peripheral vasodilatation, enhancement 
of capillary permeability, and production of pain (literature review, Trautschold and 
Rtidelss). 

* SUPHEPA = Succinyl-phenyl-p-nitroanilid. 
t BAEE = Benzoyl-arginine-ethyl ester. 
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The kallikreins differ from each other in certain physico-chemical properties and 
with regard to their ability to liberate kinins. It has been shown by Werle et al., 
Webster, and Habermann that the kallikreins from mammalian pancreas, submandi- 
bulary gland, and urine release the decapeptide kallidin from serum or from purified 
kininogen preparations, while serum kallikrein, like trypsin and certain snake venoms, 
releases the nonapeptide bradykinin. (The relevant literature has been reviewed by 
Trautschold and Ri.idel.s*) The inhibitor considered here can inactivate the kinin- 
releasing (proteolytic) and esterolytic activity of all known kallikreins, except pan- 
creatic kallikrein of dogs and rats, and urinary kallikrein of dogs.l*s The trypsin 
inhibitor from soybean inhibits only the serum kallikreins (literature review, Vogel 
et al.94). Inactivation of the kallikreins may be determined biologically in terms of 
reduction of their action on the blood pressures4 or in terms of inhibition of their 
esterolytic action on synthetic amino acid esters such as, for example, BAEE*s* 87 

In measuring the inhibitory activity of the kallikrein-trypsin inhibitor by its lowering 
of the splitting rate of BAEE by hog pancreatic kallikrein, for instance, 1 KIU corres- 
ponds to 0.06 to O-07 IU. Even in the presence of BAEE the inactivation is not com- 
petitive. When this inhibition of kallikrein is determined, it must be remembered that 
the degree of inactivation should not significantly exceed 50 per cent, otherwise the 
proportionality of the inactivation is no longer assured. Even at a KU: KIU ratio 
of 1: 6, not more than 95 per cent of the kallikrein is inactivated. 

This incomplete inhibition is explained by the relatively high dissociation constant 
of the k~likrein inhibitor complex (at pH 7.8 & = 1.2 x 10-s mole/l.>. At pH 4.0 
the kallikrein inhibitor complex is already completely dissociated. Since the inhibitor 
is more firmly bound to trypsin than to kallikrein, if trypsin is added to the kallikrein 
inhibitor complex it displaces kallikrein from its binding to the inhibitor. Once 
formed, the trypsin inhibitor complex is not split on addition of kallikrein even in 
great excess.go 

A solution of the kallikrein inhibitor complex obtained from the pure components 
may contain up to 5 per cent of its kallikrein in unbound form. On intravenous 
administration, such a solution represents a depot form of kallikrein from which 
active kallikrein is developed by dissociation. Hitherto, splitting of the complex in viva 
has been demonstrated by pharmacological methods only, namely, by observing a 
prolonged depressor effect27 (G. Kroneberg, personal communication). A proof for 
the dissociation of the complex in V&JO is the demonstration of the free inhibitor in 
the liver and the kidney. In spite of its higher stability, the trypsin inhibitor complex 
is split more quickly than the kallikrein inhibitor complex. This is due to the 
remarkably high concentration of the trypsin inhibitors of the blood plasma, which is 
higher to the tenth power than that of the kallikrein inhibitor. The trypsin molecules 
released by dissociation are immediately bound by these trypsin inhibitors 

Plasmin 
In 1959 the effect of Trasylol in hyperfibrinolysis in streptokinase-activated blood 

was first demonstrated.ss Only the inhibition of plasmin in a purified test system has 
been demonstrated; the effect on streptokinase and the related activator system still 
requires further experimental study (Trasylol S~~si~,**). When measured by the 
splitting of synthetic substrates, 1 KIU inhibits the activity of 6 pg plasmin.* 

* Plasmin Novo: 1 pg enzyme protein corresponds to 1 ImU (BAEE). 

B 
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Promse 
Pronase-P*) is a mixture of proteinases from Streptomyces griseus which also is 

capable of splitting ester and amide bonds of synthetic substrates. When measured 
in terms of splitting of BAEE, 1 KIU inhibits 3.75 pg of the enzyme preparation. 

Papain 
Trasylol produces very little inhibition of papain (1 KIU inhibits 0.002 pg papain). 

Pepsin 
Pepsin is neither inhibited by Trasylol nor is Trasylol degraded by pepsin.g0 

DISTRIBUTION AND EXCRETION OF THE INHIBITOR 

Accurate control of Trasylol blood levels during therapy was first achieved by 
Werle and Trautschold,lss who developed a method for quantitative determination 
of Trasylol in tissues and blood. The high blood levels needed for effective therapy 
can be attained only by intravenous administration. Blood concentrations after 
intravenous, intraperitoneal, intramuscular, and subcutaneous administration of 
equal amounts of inhibitor decrease in that order. No absorption follows oral adminis- 
tration (even as capsules soluble in the small intestine) or rectal administration as 
suppositories. 

With a single intravenous injection of 1000 to 2000 KIU/kg, the half-life was about 
10 min. Because of this rapid elimination from the blood stream, the best method of 
administration for therapeutic purposes is by continuous intravenous drip. Traut- 
schold and Werle*s studied the distribution in the organs of the rat after intravenous 
injection of 12,000 KIU/kg. They found that the inhibitor is at first demonstrable in 
small amounts in all the organs, but that it subsequently becomes selectively deposited 
in the liver, where it reaches a maximum 30 min after injection. After a latent interval 
of about 10 min, the inhibitor content in the renal tissue begins to rise, and after an 
hour is higher than that of the liver in a proportion of 50 to 36 per cent. At the same 
point of time not more than about 10 per cent is present in the blood stream. Four to 
five hours after the injection, almost the whole amount of inhibitor administered is 
found in the renal tissue in active form. 

The results suggest that the inhibitor undergoes structural changes in the liver 
which condition it for fixation in the kidneys, without its inhibitory activity being 
lost in this process. Using tritium-labeled Trasylol, Trautschold and his associatesag 
showed that over several days only a small part of the inhibitor is excreted in biologi- 
cally active form, the bulk being demonstrable in the urine as tritium activity only. 
The degradation of the inhibitor occurs in renal tissue. The inhibitor is excreted only 
via the kidneys.63 4% sg 

TOXIC1 TY 

One of the characteristics of Trasylol is its excellent tolerance even at high dosage. 
The LDso in mice is 2.5 million KIU/kg.rl In dogs, intravenous administration of up 
to 1 million KIU/kg is tolerated without complications. High doses are less well 
tolerated in rats, in which--especially in animals which have undergone surgery-they 

* California Corp. for Biochemical Research, Los Angeles. 
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may lead to fatal shock-like reactions. 1s Very rarely, repeated use of extremely high 
doses has led to symptoms of intolerance in patients with a history of allergy.11 The 
extensive use of Trasylol in therapy cannot be discussed here. 

ACTION OF TRASYLOL IN PANCREATITIS 

The events taking place in acute pancreatitis are set out schematically in Fig. 2. 
The primary reaction to unphysiological stimulus of the pancreas is the formation of 
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FIG. 2. Scheme of the pathophysiological reactions in the course of acute pancreatitis. 

edema.rssT 107 According to Becker ,l’J the edema is the result of penetration of pan- 
creatic juice through intact duct epithelium, a process which requires prior obstruc- 
tion of the duct and stimulation of secretion. According to Doerr,ls-l* the damming 
of pancreatic secretion leads to secretion “in the wrong direction,” that is, into the 
interstitial tissue where it has an inflammatory effect. The acinar cells become deficient 
in energy, a state that is at first reversible. Subsequent. capillary damage and the 
resultant escape of fluid from the vascular system contribute to extension of the 
edema. 

The extent to which the edema is reversible depends on the possibilities of absorp- 
tion via the blood stream and the lymphatic system.19 The edema fluid contains the 
inactive precursors of the kinin-liberating enzymes serum kallikrein, pancreatic 
kallikrein, and trypsin, as well as kininogen. The prekallikrein of the serum can be 
activated in an unspecific manner by any inflammatory process. The activation pro- 
cess of pancreatic prekallikrein and trypsinogen is not yet fully elucidated. Pancreatic 
kallikrein, however, is demonstrable in active form in tissue homogenates. ss Under 
the influence of serum and pancreatic kallikrein (and theoretically also under the 
influence of trypsin), kinins are released, at first locally. This in turn promotes the 
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pathological process, because the kinins increase vascular permeability (therby intensi- 
fying the exudative stage) and dilate the capillaries (thereby increasing stasis in the 
local vascular bed). The arrest of these processes by inhibition of local release of 
kinins is the first point at which Trasylol exerts a therapeutic action (Fig. 3). 
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FIG. 3. Points at which Trasylol inhibits the formation of kinin. 

In addition to damage of the acinar cells resulting from the damming of secretions, 
and the relative hypoxia which accompanies extremely high metabolic activity, there 
also occurs a disorder of supply that is related to the edema, and which results from 
impeded exchange of me~bolites and from injury to the capillary system. If the 
insufficiency of the cells increases, the damage becomes irreversible. 

Side by side with these processes there occurs activation of the proteolytic enzyme 
components which induces autolysis of the damaged cells. In what the initial activation 
consists is not yet known. It may start from the “secretion edema” or from the damaged 
cells. The unique role in necrosis of the pancreas that was formerly attributed to trypsin 
could never be proved experimentally. Haverback et al.% found that neither spon- 
taneous nor autocatalytic activation of trypsinogen occurs in pancreatic secretion. 
When pancreatic tissue was studied during autolysis a fall in trypsinogen level was 
observed in some cases.?** 7% 89 Only after a long interval from the onset of auto&s 
in pancreas homogenates (species-dependent; e.g. at least 7-12 hr for rat pancreas), a 
tryptic activity is demonstrable by means of synthetic substrate (BAPA) which can be 
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inhibited by Trasylol and soybean-trypsin inhibitor (H. Haendle, I. Trautschold and 
E. Werle, unpublished). 

The difficulty in demonstrating active trypsin is caused partially by the presence of 
the specific trypsin-inhibitor of the pancreas which binds the active trypsin immedi- 
ately. In the writers’ opinion trypsin may appear in the role of a primary activator in 
microareas of the cells, since it is still thought to be the only activator of the other 
zymogens of the pancreas. During autolysis, partial activation of kallikrein*Q and 
carboxypeptidase is demonstrable. 74* 76 In very early stages of autolysis, a caseinolytic 
activity (so-called spontaneous activity), which cannot be inhibited by Trasylol and 
other trypsin inhibitors is already demonstrable, but Trasylol can inhibit its rise in the 
course of autolysis.Q7$ 6% 759 QQ I n addition a catheptic enzyme is active in the homo- 
genates.90 

The secondpoint of action of therapeutic Trasylol is partial inhibition of the reactions 
which lead to activation of the proteolytic system. 

The third therapeutic action of Trasylol, according to Schultis and Rick,‘* and 
Schiinbach et a1.,7’ is that it reduce8 the secretion rate by the excretory cells, thereby 
reducing not only the output of proteinases which are capable of undergoing activation 
and of all other pancreatic enzymes, but also the metabolic activity of the parenchymal 
cells. Schonbach and associates could show that the trypsin content in pancreatic 
juice is lowered before reduction of the other pancreatic enzymes and secretion volume. 

As micro- and macronecrosis develops, pancreatic enzymes enter the blood stream 
in increasing amounts and lead to generalized formation of kinins which may be 
proved indirectly by a fall in kininogen blood level.339 399 4% 7% 7% 8% 91 Dependent on 
the velocity by which kinins are released and on the amount of active kinins in the 
circulating blood, the blood pressure is lowered. Continuous and slow release of 
kinins has little effect on the blood pressure, as active kinins are rapidly destroyed by 
kininases in the serum. 249 101 Uncontrolled and generalized formation of kinins is 
one of the factors causing vascular collapse, which frequently is observed in acute 
pancreatitis. 

This points to the fourth, and perhaps the most significant, mode of action of 
Trasylol, namely, arrest of the peripheral circulatory reactions and consequent preven- 
tion of the harmful effects of reduced blood flow and other circulatory derangements 
of the pancreas and of renal function. 

The therapeutic effectiveness of Trasylol in experimental pancreatitis has been 
studied chiefly in the dog and the rat. The essential criteria of the therapeutic effects 
are, in comparison with untreated controls, an increased survival rate (Arzt,4 Falci- 
dieno,QQ ForelI, Griizinger,Q**QQ Haig,Qs Hoferichter,sQ Kelly,43 Maleki,ss Nabseth, 
Nemir,@ Nugent,70 Ribacoff,Tr Smith,*2 TsukiyamaQ2); less elevation of blood amylase 
and lipase levels (Arzt,4 Grozinger,Q* Hatano,x Hoferichter,ssvQ7 Kelly,4Q McHardy,s4 
Mallet-Guy,561 57 TsukiyamaQQ) ; reduced edema and fewer histologically demonstrable 
destructive changes in the pancreas (Falcidieno,QQ Forell,Qr Griizinger, 2*-QQ McCut- 
cheon,52-5Q McHardy,54 Mallet-Guy,569 57 Ribacoff,Tl TsukiyamaQs). 

Only in a minority of cases have all these criteria of the positive effects of Trasylol 
been present at the same time. In a series of studies, no significant therapeutic action 
could be demonstrated.Qp 1% 139 809 81 

Trasylol should be given in early states of pancreatitis in order to arrest the local 
effects of the release of kininogenases. This recommendation is experimentally 
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supported by the beneficial results in experimental pancreatitis in animals premedi- 
cated with Trasylol or given Trasylol immediately after onset of pancreatitis.49 2% 2% 431 
54, 69, 92,93 

Differences in experimental arrangement (concerning, for example, the degree of 
severity of the pancreatitis, the dosage of Trasylol, the time of its administration, 
additional medication, general and nutritional state of the animals used) make it 
difficult to compare the results obtained by the various research groups. Experimental 
pancreatitis in the dog and the rat does not, at least with regard to therapy with 
Trasylol, reflect what happens in man, for in these animals Trasylol does not inhibit 
pancreatic kallikrein in uivo and in vitro as it does in the human subject. Consequently 
in these animals, the local and (possibly) general releast of kinins by activated pan- 
creatic kallikrein continues unchecked by Trasylol, although this, as we have seen, 
is one of the points at which the drug can take effect. Since experimental studies 
indicate that in pancreatitis Trasylol does not act (or acts only to a minor extent) on 
trypsin, its only mechanism of action in the dog and the rat, apart from influencing 
“spontaneous activity” and secretion rate, must be inhibition of the serum kalli- 
krein, which can be activated by nonspecific mechanisms, and consequent release of 
kinins. 

However, the fact that Trasylol exerts a positive therapeutic effect in the dog and 
the rat suggests that even the initial intrapancreatic processes that can be inhibited by 
Trasylol depend on the activity of serum kallikrein, or that the chief action of this drug 
is inhibition of the peripheral release of kinins by serum kallikrein. In human pan- 
creatitis the processes induced by pancreatic kallikrein are also inhibited. 

Despite the large number of clinical reports available, it is difficult to make a 
statistical evaluation of the therapeutic effects of Trasylol in human pancreatitis. 
Comparisons in animal experimentation are difficult enough, but in man there is the 
additional factor-which is mainly responsible for variations of the results in the 
different studies-that there is no clinical method for exact determination of the 
severity of the disease condition .say 61 Aside from the conflicting data on the effect 
of Trasylol on mortality, there is no doubt that its administration is followed by 
almost immediate relief of pain and by improvement of the circulatory state during the 
acute stage of shock.83 35~3 Although pain production is a propertyof the kinins, relief 
of pain by Trasylol is probably due to its reducing edema and thereby easing the 
painful capsular tension. The part played by kinins in the circulatory shock has been 
demonstrated indirectly in acute pancreatitis on the basis of a fall in the kininogen 
level (E. Werle and E. Asang, unpublished). The fall in blood pressure that follows 
induction of experimental shock in animalsi l5~ s21 9% lo3 is accompanied by a 
demonstrable fall in kininogen level. If the animals are premeditated with Trasylol these 
phenomena are largely suppressed, and if it is given at a later stage the circulatory 
status is still more rapidly restored to normal. Trasylol also has a beneficial effect on 
manifestations of shock supervening in the course of other inflammatory processes 
such as peritonitis.6sp 6% 66 

There is no strict dosage scheme for Trasylol, for dosage must be regulated by the 
clinical picture. As it is well tolerated up to one million units, and more can be given in 
the acute stage of pancreatitis or other conditions. In most cases it is sufficient to 
tart with 50,000-100,000 KIU and to follow this with a continuous drip infusion 
of up to 50,000 KIU/hr for up to 12 hr. The usual conservative measures should be 
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taken in addition. In cases of suspected pancreatitis Trasylol should be a~i~istered 
without delay, pending establishment of a diagnosis. 

Postoperative pancreatitis and chronic recurrent pancreatitis should be treated with 
Trasylol during the acute stage. Trasylol is also indicated in pathological conditions, 
and in surgical interventions in the upper abdomen, in injuries liable to impair the 
integrity of the pancreas, and in peritonitis. 

ACTION OF TRASYLOL IN OTHER PATHOLOGICAL CONDITIONS 

Since Trasylol also inhibits plasmin, Marx together with Werless proposed its use 
as an inhibitor agent in hyperfibrinolysis of various origin. It is supposed to inhibit 
plasminogen activation too. This therapeutic potentiality extends to all conditions in 
which the relatively labile equilib~um between fibrinolysis and the thromboplastic 
system is disturbed and in which the natural inhibitor system does not provide 
adequate control of the proteolytic processes involved tTrasylo1 Symposi~a*~. Chief 
indications for the use of Trasylol in this connection are obstetrical, but they also 
include gynecological and general surgical interventions; positive results have been 
reported in numerous clinical studies. Special problems, such as hemorrhage due to 
hyperhbrinolysis following extracorporal circulation, are accessible to therapy by 
Trasylol. It also may be considered for use as an antidote in thrombolytic therapy 
with streptokinase.60 

Recent studies have shown that in very high dosage Trasylol may also inhibit the 
thrombin system. The mechanism of preventing the action of the thrombus-forming 
principle is not yet known.84 

Trasylol is also used to treat tissue damage resulting from mechanical or thermic 
causes. Here its action is directed both against unphysiological activation of the 
clotting system and against proteolytic processes leading to liberation of kinins. 

It has been observed recently, in animal experimentation, that Trasylol can prevent 
abdominal adhesions.sip 44 Here again the mechanism of action has not yet been 
elucidated. 
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