
FIBRINOLYSIS. ITS MECHANISM AND SIGNIFICANCE

By R. G. MACFARLANE, M.D. , AND ROSEMARY BIGG5, M.B., Ph.D.

INTRODUCTION

T HE BIOLOGIC processes that produce a gross physical change have always

attracted much interest. The transformation of fluid blood to solid clot, for

instance, has been the subject of experiment and discussion the amount of which

seems disproportionate to its fundamental physiologic importance. There is, how-

ever, a converse to this process of coagulation which, though equally obvious

in its result, has been comparatively neglected, possibly because in its extreme form

it occurs only rarely and with apparent irregularity. This is the phenomenon of

fibrinolysis or dissolution of blood clot that, though normally slow, may occur

with great rapidity under certain conditions. Though there has been relatively little

work on this subject recent developments have made it possible to appreciate part

of the mechanism that underlies it, and to realize that factors are involved which

are of basic importance. It is apparent also that the process of fibrinolysis is linked

with other subjects previously without obvious association, and this paper, though

it cannot claim to be a complete review, is presented as an attempt to assemble rele-

vant information, and to relate it to some observations of our own.

DEFINITION

For the purpose of this communication fibrinolysis is taken to mean the aseptic

dissolution of fibrin brought about by the direct action of a mechanism existing

in normal blood. Usually dissolution may take days or weeks to complete, but

may be so accelerated as a result of natural changes occurring in the living subject

or of experimental procedures as to occur within a few hours or minutes. This

increased activity is the main subject dealt with, and though a particular set of

factors have been studied as being apparently those mainly responsible, it is recog-

nized that others may be involved.

THE RECOGNITION OF FIBRINOLYSIS

It is an ancient observation that circumstances may modify the permanence or

stability of blood clots. Zimmermann (1846) found that ox fibrin suspended in

salt solution remained intact for up to io days, while fibrin from human blood ob-

tained by wet cupping dissolved in 12.-2.4 hours. He refers to earlier observations

of a similar nature by Denis (1838). Green (1887) also studied the disappearance

of fibrin in saline, which occurred without obvious bacterial action, and found

that once it had disintegrated fibrin could not be made to clot again by adding

thrombin. Similar observations on the blood of dogs subjected to hemorrhage were

made by Dastre (1893, 1894 a & b, 1895), who, apparently the first to use the term

“fibrinolysis,” came to the conclusion that fibrin is digested and not dissolved,

though he did not favor the idea of a lytic enzyme in blood. Rulot (i�o4) believed
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ii68 FIBRINOLYSIS

that leukocytes were concerned in the digestion, since an increase in their concen-

tration hastened the reaction. In � Nolf began a series of experiments in which

he induced fibrinolytic activity in dogs by various procedures, including hepatec-

tomy and peptone shock. He regarded this work as demonstrating the participation

of a proteolytic enzyme in the process of blood coagulation to which he believed

fibrinolysis was a logical, if unusual, sequel. Morawitz (i�o6) studied the familiar

phenomenon of the fluidity of the blood in cases of sudden death. He observed that

blood from such cases contained itself no fibrinogen, and was capable of destroying

the fibrinogen and fibrin of normal blood. Hirose (i���) supported Noif in regard-

ing the lysis of fibrin as the result of coagulation and also considered that it was

the cause of clot retraction.

In 1937, Yudin stimulated a considerable new interest in fibrinolysis by its prac-

tical, if rather macabre, application to a blood transfusion service in Russia. It was

the practice to use the blood from fresh corpses, and for obvious reasons the most

suitable donors were the victims of accidental or sudden death rather than those

who had died from a long drawn-out disease. This selection of subjects proved to

have another advantage, for in these cases of sudden death the blood removed from

the body, though it clotted in the usual way, reliquified within a few hours and

could be used for transfusion without anticoagulant. Since it appeared that shock

might be a relevant factor in Yudin’s subjects, Macfarlane (1937) investigated the

occurrence of fibrinolysis in living patients who had undergone surgical operation

There was an occasional instance of rapid lysis of whole clotted blood, but this was

a rare and apparently capricious occurrence. It was found, however, that fibrin

prepared from diluted plasma disappeared rapidly in a high proportion of post-

operation cases, though similar preparations made before operation were stable

for weeks, an observation that was soon confirmed by Imperati (1937) and later by

Kaulla � Mole (i���) and Wexler and Ellis (i���) confirmed the occurrence

of fibrinolytic activity in the blood of cases of sudden death. Though Smith and

Smith (i�4�) and Wilson and Munnell (1946) have reported that blood taken dur-

ing menstruation shows fibrinolytic activity, which also occurs, according to the

latter workers, in hypertension and eclampsia, the technic used makes it difficult

to assess the significance of these observations. Tagnon, Levenson, Davidson and

Taylor (1946) have observed fibrinolysis in human cases of severe burns and in one

case of fatal narcotic poisoning, and have been able to induce similar activity in

the blood of dogs by severe hemorrhage. They quote an observation by Ham that

fibrinolysis sometimes follows the intravenous administration of typhoid vaccine

in human beings.

THE MECHANISM OF FIBRINOLYSIS

From these scattered observations it is clear that rapid dissolution of fibrin occurs

following a variety of disturbances to the living organism which may be due to an

acceleration of the normal, slower process, or to some other agency. The fact that

lysed fibrin is irreversibly altered, coupled with the observations of Morawitz

(1906) and Mole � makes it probable that fibrinolysis is the result of pro-

teolytic digestion, and it would be logical to trace the recognition of a proteolytic
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enzyme in normal blood. Since fibrin in sterile whole blood usually remains intact

for some days or weeks it follows that such an enzyme, if it exists, must be under

normal conditions relatively inert, though capable of activation.

ACTIVATIoN BY CHLOROFORM

In 1889 Denys and Marbaix found that a thermo-labile proteolytic agent de-

veloped in serum after the addition of chloroform, ether or thymol, apparently the

first observation of a phenomenon since much studied. Delezene and Pozerski (1903)

investigated this reaction further, showing that serum after admixture with chloro-

form developed the power of digesting gelatin and casein, an activity that was

inhibited by the addition of untreated serum. They came to the conclusion that a

proteolytic enzyme present in the serum was normally inhibited by some other sub-

stance which was removed or destroyed by chloroform, a suggestion that could

be related to previous observations by Hildebrandt (1893) and Hahn (1897) that

normal serum is capable of inhibiting proteolysis by trypsin.

J obling and Peterson (1914) came to the conclusion that the antitrypsin of plasma

was soluble in lipoid solvents, a view which has recently been revived by Ungar

(‘945). Dale and Walpole (1916) and Yamakawa (1918) confirmed the destruction

of the inhibitor by chloroform, and Opie, Barker and Dochez (i�i i) found that the

administration of chloroform by stomach tube to dogs resulted in protein digestion

occurring in serum samples, and apparent destruction of fibrinogen. Nolf (192.1

a & b, 192.2.) found that proteolytic activity accompanied by fibrinolysis could be

generated in mammalia and bird plasma by the action of chloroform. The action

has been extensively investigated by Tagnon (1942.) and Tagnon, Davidson and

Taylor (1942.), mainly from the point of view of its relation to blood coagulation.

They found that the globulin fraction from chloroform serum was strongly fibrino-

lytic, and might destroy fibrinogen before clotting could occur.

FRACTIONATION OF PLASMA

The fact that separation of the plasma proteins may result in proteolytic activity

has also long been recognized. Hedin (19o4b) fractionated ox serum by ammonium

sulphate precipitation, and found that the globulin contained a proteolytic enzyme

that was inhibited by a thermo-labile factor associated with the albumen fraction.

Opie and Barker (1907) confirmed these findings, and observed the similarity be-

tween the globulin enzyme and leuko-protease. More recently Feissly (1941) and

Macfarlane and Pilling (1946a) have studied the fibrinolytic activity of globulin

fractions separated by acid precipitation. Taylor et al. (1945), who have studied

plasma fractions provided by Professor Cohn and Dr. Edsall, have observed spon-

taneous proteolytic activity associated with fractions i and ui-i. It is probable

that fractionation separates an enzyme-inhibitor complex, analogous to the dis-

sociable tyrpsin-antitrypsin compound studied by Hussey and Northrop (192.3).

The relationship in the latter case obeys the mass-action laws, and dissociation may

occur following simple dilution of the complex, a fact which is also relevant to the

plasma enzyme and its inhibitor.

Separation of the enzyme and inhibitor has also been accomplished by the use
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1170 FIBRINOLYSIS

of trichloracetic acid. Schmitz (1937) found that the enzyme was precipitated by

this agent, while the inhibitor remained in the supernatant fluid. He came to the

conclusion that fibrinolysis was due to the adsorption of the enzyme together with

a kinase onto fibrin. Iyengar and Sehra (1942.) have also utilized trichloracetic acid

in the estimation of enzymatic activity of plasma in a variety of conditions.

Mole (1943), working with blood from cases of sudden death, found that the rapid

fibrinolysis was due to the action of an enzyme precipitable by trichloracetic acid.

This enzyme resembled trypsin in some respects, but was shown to be significantly

different in others.

Separation of the enzyme has also been accomplished by adsorption onto fibrin.

Barker (I�o8) studied the proteolytic enzyme associated with fibrin, and Rosen-

mann (192.2., 1936, 1937) has used lysed fibrin as the source of an enzyme preparation

that he has studied extensively, finding it apparently identical with the agent pres-

ent in the globulin fraction and active at pH 7.3-7.8. Macfarlane and Pilling

(1947b) have also utilized the adsorption of the enzyme by fibrin. The globulin

fraction of plasma is added to a solution of fibrinogen subsequently clotted by

thrombin. The resulting clot is removed, washed free of protein, and allowed to

lyse in saline when the enzyme is released into solution.

Following fractionation by electrophoresis most of the enzyme is found in

fraction I I �2 . 3 (Cohn et al. ‘944; Edsall, 1947).

ACTIVATION BY STREPTOKINASE

The procedures described above have produced activation of the plasma enzyme

by destruction of its inhibitor, or by separation of the enzyme-inhibitor complex.

Recently, observations have been made that provide an important link between

fibrinolysis occurring as a result of these manipulations or of natural causes in

the living subject, and fibrinolysis produced by the culture filtrate of certain strains

of p-haemolytic streptococci. In 1933, Tillett and Garner had shown that human

plasma, if allowed to clot in the presence of such filtrates, underwent very rapid

fibrinolysis. The plasma of patients who had recovered from streptococcal in-

fections and rabbit plasma resisted this lysis. They found, however, that if rabbit

fibrin was clotted by human thrombin it became susceptible to lysis by the strepto-

coccal filtrate. Milstone (1941) showed that pure fibrinogen, even if derived from

human blood, yielded fibrin which was resistant to the action of streptococcal

filtrate, but that if a small amount of the globulin fraction from human plasma

were added lysis occurred as with whole plasma. He also found that the addition of

such globulin to rabbit plasma resulted in lysis of this fibrin by the filtrate. He

therefore postulated a lytic factor present in the globulin of human blood which

was necessary to sensitize fibrin to the action of the bacterial enzyme. In 1944,

Kaplan came to the conclusion that Milstone’s “lytic factor” and the proteolytic

factor activated by chloroform were identical. This suggestion was confirmed and

extended by Christensen (1945) and Christensen and MacLeod (i��). These

workers showed that the enzyme liberated in plasma or serum by the action of

chloroform was the same as that which appears following the addition of strepto-

coccal filtrate. The enzyme is proteolytic, being capable of digesting fibrin, fibrino-
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gen, casein and gelatin and, though it resembles trypsin, is distinct from it. It is

inhibited by the so-called trypsin inhibitor of plasma and by the pancreatic anti-

trypsin of Kunitz and Northrop (1936). The enzyme is present as an inert precursor

associated with the globulin fraction of the plasma and its inhibitor is associated

with the albumen. They postulated that streptococcal filtrate contains a kinase

capable of activating the precursor so that the inhibitor is overwhelmed. Kaplan

( 1946) confirmed the distinction between the plasma enzyme and trypsin by show-

ing that the streptococcal kinase did not activate trypsinogen nor did entero-kinase

activate the plasma enzyme. Macfarlane and Pilling (1946a) in observations in

which plasma and plasma fractions were treated with streptococcal filtrate and

chloroform, came to the conclusion that plasma normally contains not only the

enzyme precursor and its inhibitor, but free enzyme. They showed that simple dilu-

tion of whole plasma will, if there is an increase in free enzyme, result in the de-

velopment of activity, resulting from dissociation of the enzyme-inhibitor com-

plex.

TERMINOLOGY

In the course of previous work on the proteolytic factor of serum during the past

40 years, different terms have been applied to what is almost certainly the same

substance. This has led to confusion and it is desirable that a unified terminology

should now be adopted. Such names as serum trypsin, serum protease, serum tryp-

tase, fibrinolysin, thrombolysin and others should be abandoned in favor of a more

specific designation. The nomenclature proposed by Christensen and MacLeod

( 1945) seems to fulfil the necessary requirements. In this the proteolytic enzyme of

the plasma is called “plasmin” a choice for which good reasons are given. The

precursor of plasmin is termed “plasminogen,” and the streptococcal filtrate factor

previously called “fibrinolysin” now becomes “streptokinase.” The antibody

developed by patients recovering from streptococcal infection, which is capable of

neutralizing streptokinase, is called “antistreptokinase.” The inhibitor of pro-

teolytic enzymes present in normal plasma might be called “antiplasmin” for the

sake of uniformity, though such a name implies a sense of restriction with regard

to its activities which is undesirable. An alternative nomenclature proposed by

Loomis, George and Ryder (1947) in which the term “fibrinolysin” is applied to

the plasma enzyme, seems to us to be fraught with danger of confusion since this

term has, in the past, been applied to the streptococcal factor.

THE PROPERTIES OF PLASMIN

The identity of plasmin with the enzyme activated by chloroform apparently is

established (Christensen and MacLeod 1945). The enzyme studied by Mole (i���)

in cases of sudden death, and that occurring in the plasma of patients after opera-

tion or other disturbance (Macfarlane and Pilling, i947b) are so similar to plasmin

with regard to their physical properties and activity that it may be assumed, as a

working hypothesis, that fibrinolysis, whether induced by streptokinase, chloro-

form, fractionation, or disturbances in the living subject, is due to active plasmin.

It has already been shown that plasmin is capable of lysing fibrin, and of digest-
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1172. FIBRINOLYSIS

ing fibrinogen, gelatin and casein. With regard to fibrinolysis, though preformed

fibrin may be slowly digested activity is greatly increased if the enzyme is present

during the process of coagulation, probably because of the strong adsorption of

plasmin by fibrin during clotting. Though plasmin is capable of digesting other

proteins, its fibrinolytic action is more rapid in proportion to such digestion than

is the case with trypsin and other proteolytic enzymes. Fibrinolysis, therefore,

is a delicate indicator of plasmin activity which has been used by Macfarlane and

Pilling (I946a) for quantitative estimations. This method allows, however, of only

an arbitrary expression of activity, which, in this case has been in terms of the

greatest dilution of the enzyme that will produce lysis within 2.4 hours at 37 C

of the clot formed by a 0.075 per cent solution of pure fibrinogen.

Other methods of determination of activity used by previous workers include

estimation of the increase in nonprotein nitrogen following incubation of the en-

zyme with a particular substrate, which, in some cases has been merely whole

serum, in others casein, gelatin or hemoglobin. Viscometric determinations have

been made with casein and gelatin, but we ourselves have found this technic un-

reliable, even under rigidly controlled conditions. Estimation of acid soluble

tyrosine by the method of Anson and Mirsky (1937) has given satisfactory results.

We have found, by this method, that plasmin is capable of digesting all the pro-

teins of normal plasma, a fact which may have some significance in the physiologic

effects of its activity.

The pH of optimum activity of plasmin is about 7.4, and of maximum heat stabil-

ity between 7 and 7.4. The enzyme is destroyed at this pH by heating to � C for

twenty minutes. It is nondiffusable through cellophane and behaves, with regard

to precipitation, like the globulin of plasma. It is precipitated by half saturation

with ammonium sulphate, full saturation with sodium sulphate or by bringing

the pH to 5.5 after dialysing the plasma free from electrolytes. It is precipitated

by trichloracetic acid, and by acetone and alcohol with moderate loss of activity,

and it is strongly adsorbed by fibrin.

INHIBITION OF PLASMIN

Antiplasmin, the natural inhibitor of plasmin, is associated with the albumin

fraction of the plasma. It is said not to be precipitated by trichloracetic acid, but

Duthie (1947) does not agree with this statement. The inhibitor is nondiffusable

through cellophane and heat labile, being destroyed by heating to 66 C. It is rapidly

inactivated at pH values below �.o, but is stable in the alkaline ranges. It is de-

stroyed by chloroform, ether, alcohol and acetone (Duthie 1947). As with pan-

creatic antitrypsin and trypsin, the plasmin-antiplasmin complex appears to be

dissociable by simple dilution unless there is a considerable excess of inhibitor

(Macfarlane and Pilling 1946a), and simple fractionation of the plasma into al-

bumin and globulin is also apparently capable of splitting the complex. The activ-

ity of the inhibitor must be considered in any study of fibrinolysis, since the equi-

librium it maintains with plasmin may be disturbed by changes in either factor.

We have attempted to estimate antiplasmin activity by means of the inhibitory

effect of the albumin fraction to be studied on the digestion of fibrinogen and casein
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by purified plasmin. Plasmin is also inhibited by the crystalline antitrypsin of

Kunitz and Northrop (1936) by heparin and by the soya bean trypsin inhibitor

of Kunitz (1946), the latter being most effective. Grob (1943) has reviewed the

literature on the antiproteolytic factor of serum.

OTHER ENZYMES POSSIBLY RELATED TO PLASMIN

The characterization of plasmin has not, at present, been sufficiently specific to

determine whether or not certain other enzymes, which have been described in

body fluids and tissues, are identical. Since it is possible that these enzymes may

enter the blood stream or, like plasmin, become activated from inert precursors,

they may be briefly considered.

Hedin (I�o4a) identified two proteases in spleen tissue, one acting at a slightly

alkaline pH and inhibited by serum, as was the ‘ ‘leucoprotease” ofOpie and Barker

( 1907). There has been a large number of publications by Abderhalden (192.1,

1940 etc.) and his associates dealing with the presence of various proteolytic

enzymes in the blood and tissues which they believe to be specific for abnormal

tissues. Patients with carcinoma, for instance, produce enzymes specifically digest-

ing carcinomatous tissue, and in pregnancy there is an enzyme capable of lysing

placental tissue. It is probable that part, at least, of these findings depend on the

activation or inhibition of plasmin, but the whole subject of the Abderhalden

reactions is too voluminous to be dealt with adequately here. Grassmann and

Heyde (1930) have described peptidases in animal serum or plasma active between

pH 7 and 8 that split leucylglycyl glycine which are increased in various pathologic

states. Rosenmann (1936) has extracted a fibrinolytic enzyme from liver, kidney,

lung, pancreas and thyroid tissue closely resembling his ‘ ‘ thrombolysin. ‘ ‘ Masch-

mann (1942.) has found that rats with sarcoma may have a higher level of blood

peptidase than is normal. Huggins, Vail and Davies (i��) have studied fibrinoly-

sis in menstrual fluid finding considerable activity which is also present in cx-

tracts of endometrium, prostate and thyroid tissue. Zamechick, Stephenson and

Cope (1945) have found that lymph from the extremities of dogs contains an amino-

exopeptidase which is increased in amount if the limb is traumatised or burned.

They have also found that blister fluid from burns in human cases contains the

same enzyme, but Macfarlane (1943) failed to find fibrinolytic activity in blister

fluid. Beloff and Peters (1945) have investigated a protease extracted from human

skin active at pH 6-8. This enzyme is not trypsin and does not split leucylglycyl

glycine, and following burning its concentration in the affected skin is decreased.

Beloff (1946) has studied an inhibitor of this enzyme present in the albumen frac-

tion of normal plasma, but considers that this is distinct from antitrypsin. It is not

clear, however, that this conclusion is justified. Fruton (1946) who has made an

extensive study of the tissue enzymes has found two leucine aminopeptidases in

lung, serum and skin extracts.

Macfarlane and Pilling (i947b) have examined human tissues for the presence

of fibrinolytic activity. The tissues were perfused, if practical, with running water

until the vessels were blood free, minced, extracted with saline and the enzyme

precipitated with ammonium sulphate or acid. The precipitates were dissolved
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and tested for fibrinolytic activity. This varied from one sort of tissue to another,

and from case to case, but, in general, it was found that lung extract had the great-

est activity being, in many cases, relatively greater than the blood plasmin activity

of the same subject. This lung enzyme resembled plasmin both as regards its phys-

ical properties and its reaction with the inhibitors, but its action on pure substrates

has not been investigated. Fibrinolytic activity was also observed in extracts of

kidney, suprarenal and thyroid but in a lesser degree, and it was found that in all

tissues the highest yields occurred in cases of sudden death when the blood plasmin

level was also increased (fig. i).

The inhibitory power of the albumin fraction of organ extracts have also been

estimated (fig. i). It has been constantly found that spleen extract has a potent

inhibitory effect on plasmin and lung extract resembling that of antiplasmin. This
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FIG. I. Histogram showing the mean plasmin activity of extracts from various tissues and organs.

(a) from cases of sudden death (solid columns)

(b) cases of slow death (hatched columns). The unit of activity is based on the titre of the enzyme (see

text).

finding is of interest in view of the work of Ungar (i���) in which the injection

of splenic extracts raised the antitryptic power of the serum.

It has been observed that there is a fibrinolytic enzyme in normal urine (Mac-

farlane and Pilling 1947a). This enzyme again resembles plasmin in its properties.

Though the concentration of this enzyme in the urine is not closely correlated with

the plasmin level of the blood, and though it differs slightly from plasmin in being

heat stable and more affected by trypsin inhibitors, it is possible that it is, in fact,

plasmin in the process of elimination. Other enzymes resembling pepsin have been

described in urine, the literature being reviewed by Farnsworth, Speer and Alt

(1946).

THE ACTIVATION OF PLASMIN IN VIVO

Though normal plasma may be activated in vitro by the procedures described

previously, in its natural state it possesses no demonstrable proteolytic activity,
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though this may develop following a variety of circumstances disturbing to the

living subject. The train of events connecting these stimuli with the fibrinolytic

mechanism is obscure, but since the nature of the latter is becoming clearer a more

systematic investigation of the process has become possible, since it is probable,

though not definitely established, that fibrinolytic activity in vivo is due to plas-

mm.
In his early experiments, Nolf (i�o�, i�o8) was able to produce fibrinolysis

following peptone shock in dogs in which the liver had been isolated from the

circulation, thus demonstrating that this organ is not a necessary link in the chain

of events leading to activation. Loeper et al. (1932.) found that after ligature of

the renal arteries in dogs there was a�loss of protein and a rise in nonprotein nitro-

AdrQMI

Thyroid

Muxla

Heart

Braiii

Liver

Kidney

5pleer&

FIG. 2.. Histogram showing the mean antiplasmin activity of extracts of various tissues and organs.

(a) from cases of sudden death (solid columns)

(b) cases of slow death (hatched columns). The units refer to a dried albumin standard, and do not

compare to the units in Figure 2..

gen in serum during incubation. Hougardy (1934) has made the significant observa-

tion that removal of the pancreas does not reduce the proteolytic activity of the

serum when treated with chloroform.

Since it seemed that the condition of traumatic shock had existed in all cases

in which fibrinolysis had been demonstrated and might be the prime mover of the

process, Macfarlane (1937) investigated the blood of patients undergoing surgical

operation. The technic employed used diluted citrated plasma clotted by calcium

chloride, it being found that in normal blood samples the fine fibrin web so formed

was stable under aseptic conditions for a period of weeks. In about 70 per cent of

the patients, after operation these fibrin webs disappeared in twenty-four hours

or less, though control samples taken the day before from the same patients showed

no undue instability. The nature of the cases showing such fibrinolysis gave little

information as to the factors responsible for this change. There was no close correla-
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tion between fibrinolysis and the traumatic shock experienced by the patient since

quite minor operations might be accompanied by relatively intense activity,

whereas major surgical procedures might give negative results. Similar results

were obtained by the same technic by Imperati (1937), though the rather lower

incidence of 50 per cent of fibrinolysis following operation was recorded. He, too,

observed the lack of correlation between the severity of the operation and the

degree of fibrinolytic activity. From these investigations it appeared that fibrinoly-

sis is dependent on some factor commonly associated with the procedure of surgical

operation, though not obviously connected with shock or trauma, but the design

of the original experiment was not sufficiently controlled to allow of its identifica-

tion by analysis of its results.

A further experiment was therefore carried out (Macfarlane and Biggs 1946)

in which serial blood samples were obtained from each patient to control the effect

of premedication, and the anaesthetic, as well as the operation itself. It was found

that a high proportion of positive results were obtained before the operation, and

even before the anesthetic or premedication, which could not be explained by the

pathologic condition from which the patients were suffering, since trivial condi-

tions involving no constitutional disturbance were included. The one common fac-

tor seemed to be preoperation anxiety, a conclusion which was borne out by the

independent observations of Lattner (1947) who had found fibrinolytic activity

in cases of anxiety states, and hyperthyroidism in a normal person during an air

raid. Kaulla (1947) found that fibrinolysis occurred after the injection of novocain

or even a large volume of saline, and though he believed that displacement of

tissue fluid was the activating agent in this latter experiment, the effect of anxiety

cannot be excluded. In addition to the operation cases it was found that positive

fibrinolysis occurred in a variety of pathologic states in which hypersensitivity

appeared to be the common factor, but in view of the probable effect of anxiety,

such findings are not easy to assess.

The next observations (Biggs, Macfarlane and Pilling 1947) concerned the dis-

covery that severe exercise induced fibrinolytic activity in normal subjects. This

was proportional to the amount of exercise taken, and to the degree of exhaustion

it induced, the latter being influenced by training. The occurrence of fibrinolysis

both in exercise and in anxiety suggested, of course, that adrenalin activity might

be an important underlying factor, and experiment established that intense fi-

brinolytic activity could be induced in normal subjects by the injection of adren-

alin. The findings resembled closely those provided by exercise, since in both

fibrinolytic activity appeared in the circulating blood within a minute or so of the

onset of the stimulus, and disappeared within a few minutes of its cessation, and

in both there was a change in the blood picture consisting of an almost immediate

rise in lymphocytes, with a slower rise in polymorphonuclear leukocytes and

platelets. These results provided an explanation of previous observations, since

in all cases in which fibrinolytic activity has been recorded it is likely that adrenal

activity will have been stimulated. It must be determined, of course, what part

adrenalin plays in the reaction. We have made observations on this matter, but

they are far from complete at present. Adrenalin itself produces no proteolytic

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/3/10/1167/573356/1167.pdf by guest on 19 M

ay 2023



R. G. MAcFARLANE AND R. BIGGS 1177

activity of plasma in vitro. It is clear, therefore, that it requires the cooperation

of one or more factors which exist in the body, but not in the shed blood. The

obvious possibility that the rise in leukocytes or platelets were directly responsible

for the increase in fibrinolytic activity has been disproved by the finding that addi-

tion, separately or in combination, of fresh lymphocytes, polymorphonuclears

or platelets to normal plasma is not followed by fibrinolysis, nor does the incuba-

tion of adrenalin with these elements result in any activating factor being pro-

duced. The plasma from subjects who have developed fibrinolytic activity retains

this activity after centrifuging at io,ooo rpm to remove all its formed elements.

Moreover, in patients with marked polymorphonuclear leukocytosis, lymphocy-

tosis, or thrombocytosis, no spontaneous fibrinolytic activity has been observed.

The injection of adrenalin in certain pathologic states has given some informa-

tion, if largely negative, regarding the other factors concerned. A normal fi-

brinolytic response has been obtained in two cases of Addison’s disease in which

subsequent postmortem examination has demonstrated almost complete destruc-

tion of the suprarenal cortex, and one case of aplastic anemia, in three cases of

splenectomy (performed for traumatic rupture) and in three cases of hemophilia.

The only patients with a constantly diminished response to adrenalin are those in

whom the lymph glands have been affected by Hodgkin’s disease or x-ray irradia-

tion. From these results, and those previously mentioned, therefore, it appears that

given the stimulus of adrenalin, fibrinolysis is independent of the normal function

of the suprarenal cortex, spleen, pancreas, or liver, but it is possible that lymphoid

tissue may be involved.

The demonstrable changes that occur in the components of the proteolytic sys-

tem of plasma concurrently with spontaneous activation consist of an increase of

plasmin that suggest activation of plasminogen. This rise may be sufficient in

extreme cases to produce fibrinolysis in the whole blood, but usually it is necessary

to dilute the plasma to demonstrate the increased activity. A more puzzling finding

is the apparent diminution in the inhibitor that also occurs in spontaneous activa-

tion. Figure 3 illustrates the reduction of the inhibitory effect of the albumen frac-

tion of normal plasma, as compared with plasma from the same subject following

activation by adrenalin, It appears, therefore, that the process of activation in

vivo is more complex than the mere secretion into the blood stream of a kinase

capable of activating plasminogen. Such a kinase, however, is probably concerned,

and it is of interest that Astrup and Permin (1947) claim to have observed its

presence in fresh tissues, though it is not clear that they have eliminated the active

enzyme already present in such preparations.

THE SIGNIFICANCE OF FIBRINOLYSIS

The balance between proteolysis and its inhibition may control many of the

vital processes in which blood constituents are involved. The most obvious of these

are the proteolysis of pathologic fibrin deposits and the destruction of plasma pro-

teins following the activation of plasmin. In the more complicated mechanism of

blood coagulation, both proteolytic and inhibitory factors can alter the speed of

clotting and some naturally occurring anomalies may be related to changes in the
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plasmin-antiplasmin complex. A normal balance of proteolytic and inhibitory

substances in the blood may also be necessary for the dynamic equilibrium between

blood and tissue proteins which probably forms the background of protein metab-

olism, and the negative nitrogen balance which follows alarming stimuli such as

trauma, burns, etc., may be related to the plasmin activity with which they are

frequently accompanied. Proteolysis may also, under certain circumstances, lead

to the liberation of harmful products of protein digestion, and the release of hista-

mine in anaphylactic shock has been attributed to this cause.

THE DIsSoLuTIoN OF FIBRIN

In local inflammation or trauma, fibrin is formed in the tissues, and during heal-

ing its necessary reabsorption is probably due either to the action of plasmin or

l�o

‘/)

�

o - �‘4o’� 10 ‘ i:z 1+ ho�ir�

Time of Incubation
Fio.�3. Curves showing the digestion of casein by plasmin in terms of the release of acid soluble sub-

stances estimated as tyrosine. In each case a similar concentration of the albumin fraction from the blood

of the same subject (i) resting, and (2.) after adrenalin injection, has been added. A reduction in anti-

plasmin effect is observed following the administration of adrenalin.

to the proteolytic enzymes of the tissues. Similarly in pneumonia relatively large

amounts of fibrin are liquified during resolution, and it is significant that the lung

often contains an unusually high content of fibrinolytic enzyme. Following intra-

vascular thrombosis the thrombus may disintegrate, a process that may be accom-

panied by general fibrinolytic activity which Kaulla (1947) has demonstrated in

the blood of patients with thrombosis during clinical improvement. The dissolu-

tion of clots by fibrinolytic enzymes in the endometrium may be a factor in normal

menstruation (Smith and Smith 1945).

CHLOROFORM POISONING

The destruction of fibrinogen by plasmin can seldom be demonstrated in vivo

because the normal liver replaces fibrinogen with great rapidity so that when the

blood of dogs is replaced by defibrinated blood, normal coagulation is restored
within an hour (Whipple 1914, Goodpasture 1914). In chloroform poisoning,
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which might produce plasmin activity from destruction of antiplasmin, there is a

demonstrable fall in fibrinogen in five hours (Whipple 1914) and a profound de-

ficiency in three days (Whipple and Hurwitz i 91 i , Whipple i 914, Smith, Warner

and Brinkhouse 1937). This disappearance of fibrinogen, though usually attributed

entirely to failure of regeneration, is more rapid than that which occurs without

a toxic factor, as for instance, when the normal liver is excluded from the circula-

tion (Whipple 1914), or following transfusion in a patient with afibrinogenemia

when fibrinogen could still be demonstrated in the circulation after eight days

( Pinniger and Prunty 1946). Denys and Marbaix (1889) were the first to suggest

that the loss of nitrogen which occurs in chloroform poisoning might be due to

proteolysis. Opie, Barker and Dochez (191 i) showed that there was an increase

in nonprotein nitrogen in the incubated serum from an animal with chloroform

poisoning, and Jacoby (i�oo) demonstrated fibrinolysis in severe phosphorus

poisoning. It is therefore probable that proteolysis is a factor in the loss of fibrino-

gen in chloroform and phosphorus poisoning.

BLOOD COAGULATION

There is a considerable accumulation of evidence in favor of the view that one

or more components of the fibrinolytic system are concerned in blood coagulation.

The fact that chloroform serum causes the clotting of fibrinogen solutions origin-

ally suggested to Nolf (i�o8, 1938 etc.) that proteolysis might be a factor in normal

blood coagulation. He considered that two substances, thrombogen and thrombo-

zyme combined in varying proportions with fibrinogen to form a clot, an excess

of thrombogen and thrombozyme leading to the release of a proteolytic enzyme

which might cause incoagulability from destruction of fibrinogen or coagulation

followed by fibrinolysis. The coagulant action of the globulin fraction observed

by Tagnon (1942.) suggests the participation of plasmin in blood clotting, and

although its exact role has not been determined the facts available suggest an

analogy between the action of plasmin and trypsin. Neither purified plasmin nor

trypsin will clot fibrinogen solutions (Dale and Walpole 1916, Seegers and Loomis

1947), and both apparently lead to the release of thrombin from oxalated plasma

(Dale and Walpole 1916, Stephen and Wohl 192.1). A further study of trypsin in

relation to coagulation is therefore of interest. Ferguson and Erickson (1939) have

shown that trypsin causes an increased rate of conversion of prothrombin to throm-

bin, and Lenggenhager (1946) showed that pure prothrombin is converted into

thrombin by trypsin only in the presence of an additional plasma component which

he has called prothrombokinin. The amount of thrombin formed by trypsin is

directly proportional to the amount of prothrombokinin present. He suggests

that trypsin activates prothrombokinin to a substance called thrombokinin which

combines directly with prothrombin in the presence of calcium to form thrombin.

Lcnggenhager extracted a natural activator of prothrombokinin (thrombocataly-

sin) from plasma and found that this was fibrinolytic. According to Lenggenhager,

thrombin formation proceeds as follows:

Trypsin
Prothrombokin�n . -*

Thrombocatalysin

Thrombokinin + prothrombin + Ca -s thrombin
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Lenggenhager’s views are supported by various observations. Feissly (1942.)

obtained a proteolytic component from the ‘ ‘acido-globuline’ ‘ fraction of Dola-

dilhe (‘937) which had the power to convert prothrombin to thrombin in the

presence of calcium. He concluded that this substance was one of two components

of thromboplastin, the second being a phospho-lipoid. Fantl and Nance (1946)

and Owren (1947) both showed that an additional factor from the plasma was

necessary for the conversion of prothrombin to thrombin.

The fact that plasmin and trypsin can coagulate oxalated plasma in the absence

of added calcium makes it difficult to accept coagulation by these substances as

closely analogous to that occurring normally. However, Ferguson and Erickson

(1939) have shown that optimum coagulation with trypsin requires the addition

of both calcium and cephalin, and Lenggenhager (1946) showed that trypsin even

in concentrations of 0.2.5-I per cent will not coagulate plasma which is continually

in motion and suggested that its coagulant action on citrated plasma was due to

a local accumulation of calcum ions released by proteolysis from an inactive form

in combination with protein. Moreover, although chloroform serum will coagu-

late plasma and fibrinogen, there is some doubt as to whether purified plasmin has

this power (Macfarlane and Pilling 1947b). Thus calcium may be necessary for

coagulation with both trypsin and plasmin. The difficulty raised by Rosenmann

(1937), who showed that substances probably identical with plasmin and anti-

plasmin could be distinguished from all known coagulant factors, does not pre-

dude the possibility that plasmin may activate an additional plasma factor not

recognised by him. The present evidence, therefore, supports the view that plas-

mm may be concerned in the activation of prothrombin, a suggestion which im-

plies that one of the components of thromboplastin is proteolytic.

Indirect evidence for the proteolytic theory of thromboplastin was suggested

by observations on the coagulation defect in hemophilia. Tagnon, Davidson and

Taylor (1942.) showed that the hemophilic globulin could not be activated by

chloroform; Feissly (1942.) showed that the globulin fraction was not proteolytic,

and Ferguson (1939) showed that hemophilic prothrombin could be converted

into thrombin in the normal time on the addition of trypsin. These observations

appear to suggest a deficiency in the proteolytic component of thromboplastin,

but the experiments of Tagnon and Feissly could not be confirmed by Macfarlane

and Pilling (1947b), and Tagnon’s results have been refuted by Lewis et al. (1946).

Furthermore if hemophilic patients receive an injection of adrenalin they develop

a normal fibrinolytic reaction with only a slight reduction in the coagulation time

of whole blood and recalcified plasma (Biggs, Macfarlane and Pilling 1947).

A study of the inhibitors of proteolysis also supports the view that proteolysis

is a factor in coagulation. Ferguson (1942.) and Grob (1943) showed that pancreatic

trypsin inhibitor delays coagulation, and Grob (i���) showed that the delay re-

sults from an inhibition of either prothrombin or thromboplastin. Macfarlane and

Pilling (i946b) and Macfarlane (i��) studied soya bean trypsin inhibitor and

showed that its inhibitory effect on blood coagulation was antithromboplastic.

By inference these observations suggest that thromboplastin has a proteolytic

component.
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Inhibition by the albumin fraction in hemophilia was studied by Feissly �

He showed that whereas the coagulation time of whole blood in hemophilia is

greatly prolonged, that of the hemophilic ‘ ‘globulin fraction’ ‘ is only slightly

longer than normal. He then showed that hemophilic albumin retards the clot-

ting of both normal and hemophilic ‘ ‘globulin fractions. ‘ ‘ These experiments,

which suggest an increase in the inhibitory system in hemophilia, are supported

by the work ofTocantins (1943) who postulates an increase in antithromboplastin.

A direct relationship between a shortening of the coagulation time and fibrinoly-

sis occurs following adrenalin injections. Cannon and Mendenhall (1914 a & b)

showed that adrenalin stimulation of the sympathetic nervous system and emo-

tional stimuli lead to a shortening of the coagulation time of recalcified plasma.

This hastening of coagulation is apparently not due to any change in prothrombin

because Wakin et al (1946) have shown that adrenalin causes no alteration in the

Q uick prothrombin time. It therefore seems possible that the change in coagula-

tion time may be related to an increase in thromboplastin. Since there is now con-

siderable evidence that thromboplastic action is in part proteolytic, and since

adrenalin injections consistently produce fibrinolysis, it seems possible that this

shortening of the coagulation time may be related to fibrinolysis.

THE ALARM REACTION OF SELYE

The suggestion that fibrinolysis occurs in all conditions which lead to secretion

of adrenalin has interesting implications in relation to Selye’s concept of the alarm

reaction (Selye 1946 etc.). According to Selye, exposure to any noxious or exces-

sive stimulus is followed by a uniform pattern of pathologic changes. There is an

initial shock phase, with the characteristics usually associated with this term, and

a succeeding counter shock phase when the phenomena of shock are reversed. The

reaction is accompanied by involution of the lymphoid tissue, hypertrophy of the

adrenal cortex, and excessive secretion of adrenal cortical hormones.

The marked negative nitrogen balance of the alarm reaction which may be

related to plasmin, has been studied in detail following trauma (Cuthbertson 1930,

1932., 1935, Vaughan et al. 1947), burns (Cope et al. 1943, Taylor et al. 1943,

Chanutin and Gjessing 1946), operations (Chanutin et al. 1938), hemorrhage

(Elman 1944), and infections (Coleman and DuBois 1915). There is an extensive

loss of nitrogen from the tissues, an immediate and progressive fall in plasma-

albumin, and from the second or third day, a rise in plasma-globulin which often

continues until the albumin-globulin ratio is reversed. The early fall in plasma-

albumin might be due to fibrinolysis initiated by adrenalin. The continuing destruc-

tion of protein reserves might be related to the excessive secretion of adrenal

cortical hormones which are known to cause mobilization of globulins from the

tissues (White and Dougherty 1945). The reversed albumin-globulin ratio thus

produced might be associated with an imbalance of the plasmin-antiplasmin com-

plex, causing further catabolism of protein.

Fibrinolysii and Anaph,ylaxis

Rochas e. Silva et al. (1946 a, b & c) have suggested that fibrinolysis may play

an important part in anaphylaxis. It is well known that intravenous injections of
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trypsin cause profound shock (Tagnon 1945). Rochas e. Silva and Grana (1946a)

showed that trypsin perfused through the isolated liver causes the release of hista-

mine. On the other hand an anaphylactic antigen caused no release of histamine

from the livers of sensitized animals unless it was perfused in whole blood. Since

anaphylactic shock is associated both with a rise in blood histamine and fibrinoly-

sis (e. Silva and Teixeira 1946b) they suggested, that, in contact with sensitized

tissue, the anaphylactic antigen releases fibrinolysin which in turn releases hista-

mine from the liver cells. In 1947 Ungar showed that incubation of sensitized tis-

sue with the specific antigen does cause a release of proteolytic enzyme and in 1945

he showed that resistance to trauma was associated with a decreased release of

histamine from the cells and an increase in blood antitrypsin. These observations

clearly support the original suggestion of Rochas e. Silva.
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Fio. �. Diagrammatic representation of the activation of plasmin and its effects.

There is, therefore, cumulative evidence that the plasmin-antiplasmin complex

plays a fundamental part in several essential physiologic processes.

CoNCLUsIoNs

i. There exists in normal blood a proteolytic enzyme �‘plasmin,” its precursor

“plasminogen” and its inhibitor “antiplasmin,” the latter being in excess.

2.. Plasmin and plasminogen are associated with the globulin fraction of the

plasma, antiplasmin with the albumin.

3. Plasmin activity can be produced in plasma “in vitro” by the action of strepto-

kinase which activates plasminogen; by chloroform which destroys antiplasmin,

or by procedures, such as fractionation of the plasma, which separates the plasmin-

antiplasmin complex.

4. Active plasmin will cause fibrinolysis, digestion of the plasma proteins and

casein and gelatin.
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5 . Enzymes resembling plasmin have been found in various tissues, particularly

lung and in urine.

6. Inhibitors resembling antiplasmin have also been found in various tissues,

particularly the spleen.

7. Plasmin activity may occur in the living subject following various stimuli,

such as trauma, fear, severe exercise, or the injection of adrenalin.

8. The mechanism of this activation is still obscure, and involves factors not

present in whole blood. It can be obtained in the absence of the normal function

of the liver, pancreas, spleen and suprarenal cortex.

9. Such plasmin activity may be concerned in the phenomena of shock; in the

equilibrium between protein breakdown and synthesis; in the mechanism of blood

coagulation, and in allergic reactions.

10. The position may be illustrated diagramatically as shown in figure 4.
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