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I. INTRODUCTION

In recent years there has been a widening interest in the phenomena of blood

coagulation and allied metabolic processes. This is partly due to the realization

that cardiovascular diseases affect human welfare as much as or more than any

other general class of ailments. A large proportion of cardiovascular difficulties

involve the blood coagulation mechanism either from the standpoint of hemor-

rhages or intravascular clots. The enormous complexity of the chemical interac-

tions in the phenomena of coagulation has required the attention of many people

trained in Various disciplines. There is now the general impression that real

progress is being made and many are hopeful of gaining better control over many

of the diseases that involve this mechanism. To this end drugs are becoming

increasingly important and a review of their effects has long been needed. It

must, however, be admitted that a thorough search of the literature offers only

sporadic rewards so that it is necessary to describe or suggest one or more possible

effects of certain drugs when one would like to be specific and conclusive.

Blood coagulation is only a part of the physiology of hemostasis and only

one of the factors which contribute to the problem of thrombosis and related

phenomena. This review does not include all of these considerations which

embody a large amount of literature. The aim has been to restrict the discussion

to the pharmacological effects of certain drugs on those factors which are directly

concerned with the physiology of blood coagulation. Only in certain instances

have effects on vascular tissues been considered. The drugs reviewed are: dicu-

marol, compounds related to dicumarol, salicylates, methylxanthines, anti-

biotics, protamines, toluidine blue, the digitalis series, alpha tocopherol com-

pounds, heparin and related substances, unrecognized nutritional factors, vitamin

K, sulfonamides, adrenocorticotropic hormone, anesthetics and respiratory gases,

epinephrine and acetyicholine. In addition, a number of the substances which
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are a part of the blood coagulation mechanism itself have become available

commercially and are used for therapeutic purposes. They may thus be regarded

as drugs and are briefly discussed from the standpoint of their pharmacological

action. It is not possible to discuss this topic without presupposing familiarity

with the blood coagulation mechanism itself. Since this field still presents a

number of conflicting viewpoints, extensively reviewed (2, 18, 19, 39, 78, 85, 88,

101, 143, 147, .165-167, 169, 197, 206, 231, 257, 268, 280, 303, 320-322, 335, 356,

369, 377, 384, 387, 398, 412, 416, 432, 433, 487, 491, 503, 514, 515, 568, 571, 583,

589, 609, 610), it seems appropriate to present very briefly the concepts which

the writer has used in evaluating the literature. For essentially the same reason

a brief commentary seems necessary on several of the more common methods

by which clotting may be investigated and by which pharmacological effects

have been evaluated. A diagram representing some of the main chemical reac-

tions in blood coagulation is given below.

PROTHROMBIN PROFIBRINOLYSIN

Ca�� Fibrinokinase
Thromboplastin

Ac-globulin
Platelets

Other factors Other factors

Antithromboplastin Inhibitors of

Heparin activation

FIBRIN- THROMBIN FIBRIN FIBRIN FIBRINOLYSIN FIBRIN
� DERIV-

OGEN THROMBIN CLOT CLOT FIBRINOLYSIN ATIVES
+ +

ANTITHROMBIN ANTIFIBRINOLYSIN

‘I,
INACTIVE THROMBIN INACTIVE FIBRINOLYSIN

The interpretation of the above diagram is as follows: The fibrinogen of the

plasma is clotted by thrombin. The latter is derived only from prothrombin

by the catalytic action of calcium ions, Ac-globulin, platelets, thromboplastin

(thromboplastin, Howell; thrombokinase, Morawitz; cytozyme, Fuld and Spiro;

tissue fibrinogen, Wooldridge; placental toxin, in the obstetric literature; throm-

bozyme, Noif) and perhaps other factors. The Ac-globulin of the plasma is

probably a proenzyme and is activated by small amounts of thrombin. The

platelets furnish accelerator activity. They perhaps interact with plasma to

furnish thromboplastin activity and they also contribute a factor which fa-

cilitates the interaction of thrombin and fibrinogen. Thromboplastin is primarily

derived from the fixed tissues such as lung, muscle and brain. A large number of

other factors have been described which are said to contribute to the activation

of prothrombin, but it remains to be determined whether and how many such

factors exist. The inhibitors of prothrombin activation probably counterbalance

the activation mechanism. Antithromboplastin is considered to be present in

the plasma and other tissues. Heparin which may be released from the cells
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probably act� as an inhibitor of prothrombin activation in conjunction with a

plasma co-factor. In the same manner heparin probably exerts its antithrombic

properties by acting in conjunction with a plasma co-factor. In addition, the

plasma contains a substance, natural antithrombin, which can neutralize throm-

bic activity independent of heparin action. In the activation of prothrombin the

following sequence of events may be suggested:

Ca�
Thromboplastin
Platelet Accelerator

Prothrombin -3 Thrombin (1)

Thrombin
Plasma Ac-globulin ) Serum Ac-globulin (2)

Ca±+

Thromboplastin
Platelet Accelerator

Prothrombin Thrombin (3)
Serum Ac-globulin

In the first reaction the production of thrombin is considered to be slow; but

as the small amount of thrombin activates plasma Ac-globulin the latter con-

tributes to the acceleration of prothrombin activation. The third reaction

represents, therefore, the rapid production of thrombin. The thromboplastin

required for the initial production of thrombin, as represented by reaction

one, is of fixed tissue origin. However, there is much evidence in the literature

that the equivalent of thromboplastin may also be derived from the interaction

of platelets and plasma (79, 252, 332, 339, 360, 410); this fact permits the above

reactions to apply when blood is carefully drawn and not mixed with fixed tissue

thromboplastin.

In addition to blood coagulation the diagram above depicts an enzyme mecha-

nism for the dissolution of a clot. Fibrinolysin (plasmin) can dissolve a fibrin

clot and produce derivatives of fibrinogen that do not respond to the action of

thrombin. The fibrinolysin has its origin in plasma profibrinolysin (plasminogen).

An activator of profibrinolysin is found in tissues and an inhibitor of the activa-

tion has only recently been described. Certain bacteria can also activate plasma

fibrinolysin. The activity of fibrinolysin can be neutralized by antifibrinolysin

which is a normal component of the plasma.

I!. METHODS FOR EVALUATING BLOOD CLO�PING PHENOMENA AND EFFECTS OF

PHARMACOLOGICAL AGENTS

Clotting of whole blood. The clotting time of the whole blood as generally

estimated by the Lee-White method is a rough measure of the over-all clotting

mechanism. It is influenced by variables introduced in drawing the blood and

in doing the test. Because it is dependent upon the interaction of many factors

and because of the unusually wide normal range, large abnormalities in one or

more factors can be completely masked in the results of this test. For instance,

the prothrombin concentration may be lowered to 20 per cent or below before
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prolonged clotting time is noticed. However, valuable data can u�doubtedly be

obtained when the method is employed meticulously by the same individual on

repeated occasions.

Prothrombin time. The prothrombin time has most frequently been employed

to report clotting data. There are many variations of the general procedure in

which oxalated plasma is re-calcified and simultaneously a large amount of

thromboplastic material is added. The clotting time is noted. To interpret the

results it is assumed that one may judge the prothrombin concentration from

the clotting time. This test is influenced by anticoagulation factors, but it has

been fairly well established that the effect of these is minimized when the plasma

is first diluted before the test is done. The procedure makes no allowance for

the determination of concentrations of prothrombin exceeding 100 per cent of

normal nor is it sensitive to changes in prothrombin concentration within the

range of 50 to 100 per cent. Ac-globulin and perhaps other substances are con-

trolling factors in the speed of prothrombin conversion to thrombin; conse-

quently the test is susceptible to variations in Ac-globulin as well as to altera-

tions in prothrombin reactivity. Changes in the so-called prothrombin time

cannot with any certainty be ascribed to prothrombin alone, but most of the

conclusions in the papers reviewed are based on the prothrombin time method.

Prothrombin. In a number of studies the two-stage procedure for the quantitative

determination of prothrombin has been employed. There is considerable evidence

that it gives specific information with regard to prothrombin concentration

provided Ac-globulin is present in the plasma or supplied in the technical pro-

cedure.

Other quantitative methods. Quantitative measurements of heparin and fibrino-

gen concentration apparently give results which are quite reliable. Quantitative

methods for Ac-globulin, platelet extracts, thromboplastin, antithromboplastin

fibrinolysin, antifibrinolysin and thrombin have also been described in recent

years but have as yet not been employed extensively. Most measurements of

antithrombin activity recorded to date probably involved multiple factors.

Evaluation of pharmacological action. The above comments are an expression

of present day viewpoints concerning methods used in the study of the blood

coagulation mechanism. Detailed critical evaluations have been presented else-

where and further review at this time is not appropriate. However, because it is

desirable to know what the specific effects of pharmacologic agents are, and

because many of the reports in which nonspecific methods were used can only

be evaluated now by saying that some sort of change occurred, or apparently

did not occur, a plea must be made for thorough and competent investigations

of the effects of therapeutic or toxic agents upon the individual components

within the clotting mechanism by means of methods in which the limitations are

fully realized. From the standpoint of evaluating pharmacologic action it is

perhaps well to recall that alterations in the existing clotting mechanism of the

living organism may take place in either the coagulant phase or the anticoagulant

phase. The possibilities include alteration in the rate of physiological formula-

tion or destruction of one or more of the significant substances participating in
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maintaining the fluid equilibrium. The same applies to anticoagulants. In the

extreme, the effect may shuttle between complete removal of a coagulant and

its potentiation, and between complete removal of an anticoagulant and its

potentiation; of course, all combinations between these extremes are possible.

Drugs may also act by entering into direct combination with a coagulant or

anticoagulant or influence their release from storage depots. A brief outline of

some principal mechanisms will serve to organize these viewpoints concerning

the alteration of blood coagulation.

A. Coagulant effect

1. Increased metabolic production of a coagulant.

2. Decreased metabolic production of an anticoagulant.

3. Direct interference w’ith or destruction of an anticoagulant.

4. Release of stored coagulant.

5. Limited dilution of blood to make anticoagulants relatively less

effective.
B. Anticoagulant effect

1. Decreased metabolic production of one or more coagulants.

2. Increased metabolic production of an anticoagulant.

3. Direct inactivation or destruction of a coagulant.

4. Release of stored anticoagulant.

III. 3, 3’-METHYLENEBIS (4-HYDROXYCOUMARIN), DICUMAROL

(BISHYDROXYCOUMARIN, u.s.�.)

Chemistry. The early history of dicumarol is associated with the observation of

Schofield and Roderick (303) that the cause of a hemorrhagic and often fatal

disease in cattle was the spoiled sweet clover hay on which they fed, and the

demonstration by Roderick (303) that the cause of the hemorrhages was a severe

reduction in the prothrombin in the circulating blood. In 1940 Link and his

associates (303) not only isolated the active agent from spoiled sweet clover as a

white crystalline material, but also synthesized it and described many of its

metabolic effects (304, 305). This substance, 3, 3’-methylenebis (4-hydroxy-

coumarin) has the following chemical structure:

OH OH

H

�/

Dicumarol is only slightly soluble in water, but forms various salts with strong

alkalis that are soluble near pH 8. Its concentration in biological fluids can be

measured by first extracting with heptane. After returning the drug to alkaline

aqueous solution, the spectrophotometer can be used for quantitative measure-

ments at 315 � (27, 503).



284 WALTER H. SEEGERS

Metabolism. Dicumarol is effective after either oral or intravenous administra-

tion. The rate of absorption from the gastrointestinal tract is slow and varies

from one individual to another and with the dosage. Six to 24 hours may be

required to reach peak plasma levels. A threshold of five to ten mg. per liter

of plasma must be reached before the prothrombin concentration falls, and this

drop usually lags 24 to 48 hours behind the time of the peak plasma dicumarol

concentration. In spite of variations in absorption there is no appreciable differ-

ence in the speed of action after administration by the intravenous as compared

to the oral route. In either case, the drug is distributed to various tissues. It is

found in liver, lung, and kidney, but not in appreciable amounts in the urine.

Nevertheless it has been reported that the effect of the drug is prolonged and

intensified by experimental renal damage (67, 449). The spleen, heart muscle

and skeletal muscle contain only small amounts (503). That portion of the

drug which is distributed to the plasma is almost completely bound to proteins

and is removed only slowly, the time required being about 24 to 48 hours (503).

The response of different individuals to the drug varies, hut seems to be the

same in a given individual at different times. Each individual is, therefore, ob-

served when the drug is used, by analyzing the clotting status of the blood. Individual

variations in response seem not to be related to age, weight and sex, and perhaps

only slightly to the diet. Interestingly, Link and his associates report that in

rabbits susceptibility to dicumarol is an inherited Mendelian recessive character-

istic. On continued or repeated dicumarol administration there is no development

of tolerance or of increased susceptibility to the drug. Dicumarol has been given

continuously for five years to rabbits (Link) and for more than three years to

human beings (60) without any toxic effect.

The rapidity with which a single dose of dicumarol exerts maximal activity is

a function of its quantity only when rather limited amounts of the drug are

given; that is, as dosage is increased from minimal amounts, the rate of pro-

thrombin fall increased slightly until a certain fixed slope of fall is reached, and

further increase in the amount of dicumarol administered has no effect. How-

ever, the intensity of prothrombin reduction and the period required for return

to normal prothrombin levels are definitely related to the amount of dicumarol

administered, and are intensified by increasing amounts of the drug. If the dose

is repeated on successive days, the effects will overlap and become cumulative,

but the total effect will not be apparent for several days. Once a desired low

therapeutic level of prothrombin has been achieved, a smaller dose of the order

of 20 to 60 per cent of the initial quantity is all that is needed for maintenance

of a low prothrombin concentration. Once stabilized on a maintenance dose of

dicumarol, the individual requirements are remarkably constant. With common

clinical therapy probably some formation of prothrombin continues and two to

four days are required to reach equilibrium at about a 15 per cent level. As the

effect of dicumarol subsides, the recovery of normal prothrombin levels is a

somewhat slower process, requiring five to ten days (62).

The actual means by which dicumarol alters the mechanism of prothrombin

formation in the liver is not known. The best estimates show that there are
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about 20 mg. of prothrombin per 100 cc. of plasma (485), and there are probably

no other stores available save those in the lymph. Consequently, when prothrom-

bin production is stopped the reserves are quite limited and become depleted

rapidly by unknown mechanisms. Purified prothrombin, injected intravenously

into animals depleted of prothrombin by means of dicumarol, largely disappears

from the blood within 24 to 48 hours (343). Dicumarol has no known direct

effect on prothrombin itself, except that it tends to stabilize purified preparations

in vitro (495) under certain conditions. It has been suggested that an altered

prothrombin is produced by dicumarol, but the evidence is not conclusive be-

cause the data are capable of being interpreted in another way (290). The idea,

however, has possibilities in view of the demonstration that the activity of

purified prothrombin can be altered in several ways (340, 488, 493).

Attempts to gain deeper insight into the details of dicumarol metabolism

have only recently been made. Lupton (319) perfused excised rat livers and

showed that the livers of dicumarol-treated rats do not add prothrombin to

blood perfused through them. Jaques and associates synthesized dicumarol

containing C’4 in the methylene bridge, and gave it intravenously to mice and

rabbits (287, 288, 529). None of the radioactivity appeared in the expired C02,

and no significant amounts were in the lungs. It was found in large amounts in

liver, intestine, gallbladder, feces and urine. The material in the liver was

identified as dicumarol itself, which shows that there is a tendency toward

fixation of the drug in that organ where it probably acts to interfere with pro-

thrombin production. The time sequence between the prothrombinopenia of

the bloo#{231}land fixation of C’4 in the liver indicates a direct relationship between

the presence of C’4 in the liver and the cessation of prothrombin production.

Radioactivity appeared in the urine later after injection and was confined to

metabolic products of dicumarol rather than to dicumarol itself. In the mouse

some C’4 was excreted in the feces. In man it has also been found that metabolic

products appear in the urine (602).

Liver. There is no liver damage produced by therapeutic or even larger doses

of dicumarol. This could by no means have been anticipated, although Link

(63) points out that the conclusion was already implicit in the work of Schofield

and Roderick. Consequently there are many papers on the subject, but since

they have been reviewed by Marple and Wright (335) and by Link (306) there

is no special purpose in again marshalling the evidence for the above conclusion.

There is, however, a possibility that species differences in response exist for

Jansen (242) was able to produce fatty degeneration of the liver by giving large

doses to rabbits; the degeneration resembled that produced by chloroform

intoxication. The conclusion also depends somewhat upon what is meant by

liver damage for the concept cannot be all inclusive. Fibrinogen is produced by

the liver and in dogs it is possible to cause either an increase or decrease in the

plasma concentration of that protein by selecting the proper dose of dicumarol

(239). Likewise, Ac-globulin which is most likely produced by the liver (546)

tends to be depressed when dicumarol is first administered (157); but, despite

continued administration, the plasma Ac-globulin concentration returns to
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normal, and its initial depression probably does not imply liver damage. It is

quite possible to imagine metabolic readjustments that are reflected in tern-

porary changes in changes in fibrinogen and Ac-globulin concentration. The

cells in which the manufacture of prothrombin abruptly stops are not mechanical

robots, but a kind of solution in which molecules are constructed, degraded and

moved around, and perhaps the manufacture of fibrinogen and Ac-globulin is a

certain kind of activity not entirely independent of prothrombin production.

It is also interesting that mild trauma to the liver will cause plasma prothrombin

concentration to fall (316). These viewpoints are not to be confused with the

effect of liver damage, due to other causes, on the action of dicumarol (449).

New coagulation factors, The effects of dicumarol on the coagulation mecha-

nism are apparently not restricted .to prothrombin alone. The effect on anti-

thrombin is a controversial question probably for the reasons mentioned above

concerning the multiple factors which influence the antithrombin tests used to

date. A group of factors are all described as being deficient in dicumarolized

plasma or serum and are said to be related in some way to the activation of

prothrombin. These include the following: SPCA (serum prothromhin conversion

accelerator) (Alexander, 3), SPCF (serum prothrombin conversion factor) (Jacox,

240), prothrombin conversion factor (Owen and Bollman, 395), thrombotropin

(Andreenko, 14), cothromboplastin (Mann and Hum, 331), prothromhin ac-

celerator (MacMillan, 330), proconvertin (Owren, 399), H-factor (Sorbye, 523),

a new blood coagulation phase, (Copley, 119), and the factor (H-factor) in

vitamin K deficient plasma which accelerates the coagulation of dicumarolized

plasma (524). Possibly the aberrant behavior of Russell viper venom as throm-

boplastin can also be ascribed to a new factor (607). These have all been related

to the conversion of prothrombin. Because further information on several of

these factors is not available, comparison is hazardous, but it may be suggested

that several and perhaps all of these factors are the result of different approaches

to and investigations of the same phenomena. The data seem to indicate, how-

ever, that dicumarol produces an alteration in the clotting mechanism in addi-

tion to the prothrombin deficiency. Whether this alteration is a deficiency of a

factor which is formed in the body separately from prothrombin or whether it

is a factor derived from prothrombin in the process of thrombin formation has

not been clearly established. From some of the data it is also by no means

certain that the effect is not on the interaction of fibrinogen and thrombin.

Clinical application. Experience with the use of this drug has established the

fact that there is definitely a relationship between coagulability of the blood and

thromboembolic phenomena and that much benefit is derived from the use of anti-

coagulants (6, 32, 34, 66, 74, 75, 87, 183, 205, 212, 217-219, 282, 320, 329, 337,

338, 380, 392, 413, 414, 502, 609, 620-624). This important fact is also supported

by the prior research on heparin (257, 373, 374, 521). Allen and Barker (4) have

outlined the conditions in which artificially impaired coagulation of the blood is

clinically of benefit, as follows: (1) thrombosis of coronary arteries, (2) throm-

bosis of cerebral arteries, (3) thrombosis of thromhophlehitis, (4) pulmonary

embolism, (5) thrombosis of arteriosclerosis obliterans, (6) thrombosis of
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thrombo-angiitis obliterans, (7) peripheral arterial embolism, and (8) venous

thrombosis of non-inflammatory origin, as in polycythemia vera. Jorpes (257)

has also reviewed the social and economic aspects of anticoagulant therapy.

Practical considerations. It is not the purpose of this review to discuss the

practical uses of the drug. It does, however, seem appropriate to mention again

that the variable response of individuals requires that adequate control measures be

instituted. All are agreed on this point . From extensive experience several view-

points have developed concerning the kind of analyses that should be done on

plasma. Some feel that the one-stage prothrombin time on the plasma is sufficient.

The chief support for this argument is the view that, although prothrombin is

not measured accurately by this technic, the test reveals the over-all coagulability

status of the blood and that this is precisely the information a physician needs.

Others have favored the view that the prothrombin time is more properly done

with the use of diluted plasma because this gives a more accurate indication

concerning the concentration of prothrombin and because the inhibitors of the

blood are diluted sufficiently to eliminate their influence. Since dicumarol alters

prothrombin concentration it is logical that quantitative measurement of pro-

thrombin concentration (two-stage analysis) should give a more reliable means

of controlling therapy. It has also been advocated that two methods be employed

simultaneously. The general viewpoint has been that the two-stage method for

the determination of prothrombin concentration is too complicated and time

consuming. Experience by Olwin (60) has extended over a number of years and

has involved the simultaneous use of both two-stage analysis and the prothrom-

bin time test on undiluted plasma. In his experience use of the two-stage method

is not out of the question from the standpoint of convenience or cost. He found

wide variations between the methods used and believes the two-stage method

to be more accurate and safer, but he also obtained valuable help from the

results of the simpler method.

There seems to he no definite agreement as to the exact level to which pro-

thrombin should be reduced for best therapeutic results. Some consider that the

prothrombin level should he as low as possible, hut short of producing hemor-

rhage. The dogmatic statement (430) has been made that the hemorrhagic

tendency becomes very apparent when the concentration of prothrombin falls

below 10 per cent, but a review of the clinical experience indicates that this

viewpoint is altogether too rigid. It has even been said that there may not. be a

sharp correlation between the incidence of hemorrhage and the amount of

dicumarol administered or between the prothrombin time and the incidence of
bleeding (423). A case of accidental over-dosage with dicumarol was studied

during the recovery phase (564). There was poor correlation between the bleed-

ing tendency and the results of prothrombin time measurements. In experi-

mental thrombosis, with dogs as subjects, there was a tendency for thrombosis

when the prothrombin level (one-stage) was above 40 per cent (367).

The problems concerned with measuring the effects of dicumarol have been

numerous (35, 46, 72, 234, 235). It was difficult to find a suitable thromboplastin.

There were uncertainties as to whether the results should be reported in terms
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of per cent prothrombin “concentration” or in terms of clotting times. Often it

was uncertain whether clotting times were being reported for diluted plasma or

for undiluted plasma. Sometimes the results were adjusted in terms of control

determinations and sometimes not. It has also been cautioned that a careful

check of laboratory procedure might reveal errors in technic and terminology

(415). It is almost surprising that all this confusion and use of empirical methods

produced any definite concept at all.

Toxicity. The intravenous injection of lethal doses (dogs) resulted promptly

in fatal circulatory collapse without evidence of hypoprothrombinemia (585).

Splanchnic vasodilatation was observed in mice and hyperglycemia in rabbits.

There was acceleration of the metabolic rate in rats and a rise of rectal tempera-

ture in both dogs and rats. Death from dicumarol uniformly occurs after a few

weeks in rabbits given daily intravenous injections of 1 to 2 mg. per kg., in

dogs given daily oral doses of 5 to 50 mg. per kg., and in mice and rats after

ingestion of 0.01 to 1 per cent dicumarol in food (455). In other experiments in

dogs with lesser amounts of dicumarol but still far larger than necessary or

desirable for therapeutic purposes, the outstanding morphological changes were:

(1) hemorrhages, gross or microscopic, (2) toxic lesions of small vessels, (3)

acute renal glomerular swelling, and (4) toxic lymphoid tissue reaction. No

necrosis of the liver or other consistent hepatic degenerative lesions were found

(98). There was no effect on the extent of healing of experimental myocardial

infarctions in dogs, produced by ligation of the anterior descending branch of

the left coronary artery (291). In essentially similar experiments there was no

effect on the electrocardiogram that could be ascribed to dicumarol (45), and

no effect on the healing process or on- the development of collateral circulation

(65). It has been stated that the favorable effects of the anticoagulant upon

coronary occlusion might be due to its action in increasing the coronary flow,

but the data are not extensive (195). Capillary fragility tests show no changes

when dicumarol is administered (263).

With the introduction of the drug it was inevitable that complications should

be encountered from overdosage, self-medication, and other errors. The chief

findings have been hemorrhage, severe headache, and bloody stools. Perhaps

hematuria may be regarded as one of the first signs of impending danger from

hemorrhage (91, 150, 151,207,302,357,627). A recent report based on a thorough

study, but limited to one-stage prothrombin time tests, indicates that. bleeding

may occur when prothrombin deficiency is not great, that it may fail to occur

when the prothrombin deficiency is marked, and that there is more apt to be

bleeding when the deficiency has lasted for several days, the highest incidence

being between the sixth and tenth day (222).

Thrombocytes. Dicumarol does not alter the thrombocyte count. It does,

however, decrease the adhesiveness of platelets. The latter point was established

in studies involving in-vitro technics (530, 619), in experimental animals (130)

in which injury of the vein was produced by the technic (374) of inserting a

linen thread and then crushing the intima, and by the technic (54) in which a

glass seal was inserted between the carotid artery and the jugular vein.
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Erythrocyte sedimentation rate. The most recent studies of this subject show

that dicumarol does not alter the erythrocyte sedimentation rate (310, d’05).

Some earlier reports (5, 158, 414, 622) indicated that there was a definite in-

fluence which would need to be taken into account when sedimentation rate

serves as a guide in diagnosis or prognosis. Five healthy male medical students

were dicumarolized without influencing the sedimentation rate (403), and it

appears that the evidence is decidedly in favor of the conclusion that there is

no effect produced by dicumarol (280).

Reproduction. The involved situation presented during the reproductive cycle

makes it somewhat difficult to obtain a clear view of the effect of dicumaroL

The normal physiology of gestation itself presents some oddities which need to

be kept in mind. Those who have studied the prothrombin concentration during

pregnancy with the prothrombin time methods find, in general, a progressive

increase in prothrombin which reaches a high peak in late pregnancy and sub-

sides to the normal level in the early puerperium (134, 172, 175, 303, 386, 563).

The same trend has been found with the two-stage assay procedure (255), but

the increases in prothrombin were by no means as pronounced, thus raising the

unanswered question whether the one-stage method is giving a true indication

of prothrombin or whether the effect must be ascribed to some other plasma

component. In the human infant the concentration of prothrombin is low at

birth (80) and tends to be further depressed between the second and sixth day

of life (396). With this as a background the questions which arise involve the

possible effect of dicumarol on the fetus and on post-partum bleeding, and the

possible transmission of dicumarol in the milk to an infant already having a low

prothrombin concentration.

In experiments with dogs it was found that the prothrombin level (prothrom-

bin time) in normal pups is lower than in adult dogs; furthermore, they are

more susceptible to dicumarol than are adult dogs. The feeding of dicumarol to

the mother increases the hypoprothrombinemia of the young at birth (436). In

spite of the low prothrombin levels only a few of the young die of hemorrhage.

In an extensive experimental study with pregnant rabbits the fetuses died in

utero when the dose of dicumarol produced an “unsafe” level of prothrombin in

the mother for as few as two days (284). When the prothrombin level of the

mother was maintained at a “safe” level the newborn rabbits revealed an ex-

treme decrease of t.heir prothrombin with a definite tendency to hemorrhage.

The mothers, on the other hand, did not experience excessive intra-partum or

post-partum hemorrhage. It was found that dicumarol affects the prothrombin
level of the infant to a much greater extent than that of the mother (284).

Although the above data are based on animal experiments, clinicians (335, 545)

advise that extreme caution is essential if and when it is necessary to use dicu-

marol in pregnant women. From the standpoint of puerperal thrombosis careful

studies seem to lead to the conclusion that the dangers from postpartum hemor-

rhages are not great. In 14 patients dicumarol was given in generous therapeutic

doses at the beginning of labor and the prothrombin level reached the therapeutic

range in due course. The blood loss of these patients was not significantly different
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from that of a control group (36). In another investigation essentially the same

con�lusion was reached (137).

The problem presented by dicumarol excretion in the milk was encountered

many years ago. Field (175) states that Roderick suspected this effect in cattle,

because a calf which appeared to be normal at birth died of hemorrhages before

it was old enough to eat the spoiled sweet clover hay which was being eaten by

the cow. Field conducted his own experiments with rats and concluded that

dicumarol fed to the mother caused a profound hypoprothrombinemia in the

pups. In another study (172) it was discovered that rats are unusually resistant

to the action of dicumarol during the lactation period. It was mentioned that

such animals have unusually large livers and that this might be related in

some way to the resistance which these animals show. In one study with dogs

there was definite indication that the milk contains a prothrombinopenic agent

(436), but in another study the contrary conclusion was reached (463). Brambel

and Hunter (73) and Brambel, Hunter and Fitzpatrick (76) discussed the

implications for the human species, and carefully standardized prothrombin-

clotting-time methods to study the prothrombin activity of the nursing infant.

One-hundred and twenty-five nursing mothers received the drug in therapeutic

doses and this had no effect on the infants as measured by the technics em-

ployed (73). Adamson et al. (la) describe their successful use of dicumarol in

pregnant patients and discuss the many factors which must be taken into ac-

count. -

Miscellaneous. Dicumarol tends to prevent thrombus formation when blood

is caused to sludge by experimental procedures, probably by prevention of the

sludged masses of cells from becoming adherent to the endothelial lining of the

blood vessel (286). Under certain experimental conditions it was found that

rutin has no protective action in rats receiving dicumarol. The “defect” in the

vessel walls which leads to hemorrhage as a result of dicumarol may not be the

one with which rutin is concerned (108). With dicumarol the minimal require-

ment of calcium for optimal prothrombin time is increased (247). Animals

receiving dicumarol during fever showed a tremendous increase in the pro-

thrombin time (448). Rabbits, after dicumarol treatment, have been found to be

more sensitive to intracutaneous injections of hemolytic streptococci than the

control animals. It is suggested that the lack of fibrin in tissues is a factor in

the spread of the infection, in contrast to the localization of the infection in

the control animals (565). Clot retraction is not altered.

In some studies by Bose (69) it was concluded that the thromboplastic activity

of rabbit brain is reduced by the administration of dicumarol. This conclusion

was also reached in three other laboratories (370, 460, 534). Munro and Lupton

(370), however, were not able to show such a reduction in activity in dog or

rat brain tissue. The reviewer finds it difficult to believe that dicumarol can

reduce the thromboplastic activity of rabbit brain and suggests that the data

may eventually be reinterpreted.

Guinea pigs on a scurvy-producing diet respond to dicumarol with a more

extensive hypoprothrombinemia and it is of longer duration than in animals on
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a normal diet. The mere increase or decrease of vitamin C alone has no effect

on prothrombin. It is thus considered that vitamin C has protet�tive action

against hemorrhage (42, 540). In human beings vitamin C deficiency also en-

hances the dicumarol effect (1 15) and it has been recommended that vitamin C

always be administered with dicumarol (335).

Iv. COMPOUNDS RELATED TO DICUMAROL

Since dicumarol has the advantage of being equally active orally and intra-

venously and entails little danger of toxic side effects at therapeutic levels,

search began for substances which possessed these qualities without the disad-

vantages of the delay in becoming effective, of the prolonged recovery period,

of the need for frequently repeated testing of prothrombin levels, and of the

danger of bleeding from excessive dosage. The quest for other effective com-

pounds served the additional purpose of delimiting the portions of the 3,3’-

methylenebis (4-hydroxycoumarin) molecule essential for its action on the

prothrombin formation mechanism.

Link and his associates carried out an extensive program of preparing deriva-

tives (233, 236, 531, 532, 541), degradation products (232) and analogues of

dicumarol and .4.�hydroxycoumarin. These were tested and evaluated on the

basis of response evoked by a single oral dose to standardized rabbits, with

prothrombin time determinations on 12.5 per cent plasma at 24, 48, and 72

hours (394). It is evident that the effect of a rapidly acting compound or one

which required repeated dosage for full effectiveness could be missed under the

conditions employed for the screening tests.

From this study it was concluded that minimal requirements for pharmacologi-

cal activity are an intact 4-hydroxycoumarin residue with a hydrogen atom or

carbon residue substituted on the 3 position. For maximal activity a bis arrange-

ment is required with a 1-5 spatial relationship between the enolic hydroxyl

group of 4-hydroxy#{233}oumarin and a keto group. No substance was found to be as

effective as dicumarol under the conditions of the assay with selected susceptible

rabbits as test animals. Furthermore, diminished prothrombin activity was

found only in those analogues of 3, 3’-methylenebis (4-hydroxycoumarin) and

related compounds which theoretically or actually yield salicylic acid or an

o-hydroxybenzoic acid derivative on degradation (308). For this reason and

because salicylates were shown to produce hypoprothrombinemia in experi-

mental animals (308) and man (355, 499, 501), it was postulated that dicumarol

may be metabolized to salicylic acid in the body and thus induces the hypo-

prothrombinemic effect (303). Evidence against this hypothesis consists in the

effectiveness of salicylates being only about five to ten per cent that of dicumarol

(308), in the failure to find salicylates in the urine after administration of dicu-

marol (292), and in the fact that the hypoprothrombin effect in liver is most

likely due to unchanged dicumarol (287, 288).

Similar investigation of coumarin derivatives and analogues was undertaken

by Meunier and Mentzer (348-352, 354, 362) who also were unable to find a

compound with activity comparable to dicumarol. Emphasizing the structural
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similarity of many of these compounds to vitamin K and demonstrating that

concomitant administration of the vitamin impaired their effectiveness, the

above� investigators proposed that dicumarol and allied compounds be called

OROH

antivitamins K. Mentzer (348) suggested that the configuration II I
present in the active naphthoquinone, hydroxyco#{252}marin and indandione de-

rivatives is necessary for antivitamin K activity. Smith has emphasized that

the nature of the substituent R must be defined in greater detail (512). How-

ever, Mushett and Seeler (375, 497) have demonstrated antiprothrombinemic

activity on administration of 2-sulfanilamide quinoxaline, which does not bear

the structure indicated above. It is, moreover, antagonized by vitamin K,.

This finding is interesting in the light of Roblin’s (453) statement that not all

important antagonists are structurally related to the affected metabolite. Al-

though eventually sufficient evidence may be acquired that will show these

compounds to be specifically antivitamin K, the present evidence only indicates

that the effect of dicumarol and related compounds is in a general way opposed

to the eventual metabolic effect of vitamin K.

Smith (511-513) has investigated various phthiocol derivatives and found

that, with high dosage in vivo, 3-hydroxy-naphthoquinones substituted in the 2

position with a hydrocarbon chain of six or more carbon atoms induced hypo-

prothrombinemia in rats. Vitamin K, was much more effective than menadione

in preventing the onset of hypoprothrombinemia. No hepatic damage was noted

with these compounds.

3 ,3’-Ethylenebis (4-hydroxycoumarin). Jansen and Jensen (243), Lehman (289),

Fantl (160, 161), and Bayerle and Marx (43) also investigated substances struc-

turally related to 3 ,3’-methylenebis (4-hydroxycoumarin). but found none so

effective; the results, when identical compounds were investigated, are in sub-

stantial agreement with those reported by Overman et al. (394). Since 3,3’-

ethylenebis (4-hydroxycoumarin) was found to rank closest to dicumarol in

activity (about 25 per cent as active), clinical trial was made by Fantl and

Nance (161) who describe a slightly more rapid action and a shorter recovery

period than with dicumarol. The Australian workers (161) encountered great

variations in response and a high percentage of resistance to the drug which

could not be correlated with age, sex, pathological state or other treatment of

the patients. Fibrinogen production was also decreased but it was not possible

to ascribe this specifically to the drug because other factors may have been the

cause.

Compound 63. Another substance with anticoagulant activity related to di-

cumarol is 2-methyl-2-methoxy-4-phenyl-5-oxodihydro-pyrano-(3 ,2-c) (1) ben-

zopyran (designated No. 63) which, in rat, dog and man, appears to be two to

three times more potent than dicumarol on a mg. per kg. basis (40). This 4-hy-

droxycoumarin was originally studied by L. D. Scheel in Link’s laboratory

(463a). For historical details the paper of Battle et al. (40) may be consulted.

Optimal effects are achieved in 24-48 hours but a greater anticoagulant action
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and a longer duration without hemorrhagic manifestations are claimed. No

toxic lesions in the small vessels were noted, as have been reported with unduly

high dicumarol doses. Vitamin K counteracts the anticoagulant action of No.

63.

Phenylindan.dione. Kabat, Stohlmann and Smith (266), in a study of toxic

effects of indandione compounds, noted incoagulability of the blood. Because

their investigations were carried out with a one-stage technic of prothrombin

analysis the distinction between prothrombin and Ac-globulin changes cannot

be made. Both may have been altered. Only those compounds which contained

three, instead of two, ketone groups were active. These were 2-pivalyl, 2-iso-

valeryl, 2-propionyl, and 2-naphthoyl compounds of 1 ,3-indandione. 2-Pivalyl

was considered to be as effective as Dicumarol. These compounds were not effec-

tively counteracted by vitamin K (2-methyl-i ,4-naphthoquinone), but in some

instances and under restricted circumstances some effect was noted. Toxic

effects were principally hemorrhagic with large doses, although hepatic centro-

lobular fatty degeneration and focal necrosis were noted. In addition to the

in-vivo effect of these compounds, 2-isovaleryl-1 ,3-indandione added in vitro to

plasma accelerated the deterioration of prothrombin activity.

The structure of phenylindandione is as follows:

OH

Phenylindandione was noted (353) to have a transitory effect on the prothrom-

bin time. Soulier and Gueguen (527) further investigated this substance and

later Jaques (253) and Blaustein (58, 59) and their associates also investigated

its action. Phenylindandione has no effect in vitro and acts to lower prothrombin

presumably by interfering with its formation in the liver. Ac-globulin appears

not to be significantly altered, although an earlier report, corrected by the

authors themselves (254), indicated a reduction in this component and several

experiments of Kabat, Stohlmann and Smith (266), in which fresh serum restored

coagulability to treated plasma, could be attributed to such an effect.

The rapid fall and recovery of plasma prothrombin contrast phenylindandione

with dicumarol. Immediately after its administration, Jaques et al. (253) noted

an unexplained prolonged prothrombin time lasting two to three hours. The

major prolongation after a single dose begins at 10 hours, reaches a peak at

about the 24th hour and returns to normal levels by the 40th hour. A single dose

is much less effective than repeated administration at eight-hour intervals. On

this schedule the drug is as effective as dicumarol in maintaining a prolonged

prothrombin time. Recovery time after repeated dosage is of the order of 48-72

hours.
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Phenylindandione is equally effective by oral and intravenous routes; it is

excreted by the kidney (253). Vitamin K (2-methyl-i ,4-naphthoquinone) in

moderate doses does not alter the response to this drug. Individual variation in

response has been noted, and resistance to it was seen in three of Blaustein’s 53

patients (59). In many cases marked swings in prothrombin time values were

noted.

Overdosage results in a hemorrhagic tendency, correctible within 24 hours by

withdrawal of the drug. Toxic renal damage (mild fatty degeneration particu-

larly in the loops of Henle) was noted after very large doses. Polydypsia, poly-

uria, dryness of the mouth and tachycardia have been noted (527) but these

effects have not been confirmed (59). Therapeutic levels of the drug produce no

change in erythrocytes, leukocytes, platelets, blood sugar, cholesterol, total

protein, serum albumin or globulin, fibrinogen, sedimentation rate, hippuric

acid formation, icteric index, van den Bergh reaction or bromsulphalein excre-

tion.

3(cr-acetonylbenzyl)-4-Hydroxycoumarin. This compound has the following

structure:

OH

H

�/ %C-_�_{�

#{231}/#{231}/C% �H2�J

O #{176}C=O

CH3

It was originally called compound 42 an� is now known as warfarin (454a). This

compound was one of about 300 appraised by Link’s group, with the stand-

ardized rabbit assay (394). This study was later continued and the chemical was

found to be of special interest because of species specificity in susceptibility to

its action. It was found that the rat is especially affected and this suggested to

Link and his associates (63) that the chemical might be useful in the control of

rodents. In extensive field tests it has been found that the compound shows much

promise as a rodenticide. The habits of this animal make it difficult to devise a

particular bait which will not cause them to shy away. This apparently is not a

difficulty with warfarin. Furthermore, the relatively low toxicity for other ani-

mals makes it uses in rat extermination relatively safe for those species which

man desires to preserve.

3 ,3’-Carboxymethylene bis-(4-hydroxycoumarin) ethyl ester. In the report of

Solomon (522) and associates it is stated that this compound was synthesized

by Rosicky. It has been studied extensively in the laboratory and in the clinic

(55, 84, 86, 139, 140, 142, 144, 192, 193, 268, 269, 271, 277, 297, 381, 426, 447,

480). The work of von Kaulla and his associates was especially thorough and
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extensive. The early clinical work was by R#{233}inisand Kubik (447), Della Santa

(129) and de Nicola (381).

Like dicumarol, this drug, called tromexan, acts by impairing the capacity of

the liver to produce prothrombin. It has been stated that Ac-globulin is also

lowered in concentration at the beginning of administration (480), hut the main

effect is apparently on prothrombin (142). As compared with dicumarol the re-

sponse is more rapid and the return of the prothrombin time to normal is more

rapid. Some observations in human beings are tabulated in Table 1.

Pulver and von Kaulla (426) found that tromexan unites with diazotized

p-nitraniline at pH 6.0 to form a yellow dye and this is the basis of a quantita-

tive color reaction. In the experimental animal and in man tromexan appears in

the blood about as rapidly as dicumarol after oral ingestion, but it disappears

more rapidly (36 hours vs. five days) (193). When its repeated administration

is stopped, the normal prothrombin time is again reached in 48 hours, and the

drug is no longer in the blood in detectible quantities after 36 hours. A certain

minimum blood concentration is necessary to prolong the prothrombin time.

Pulver and von Kaulla (426) found that, in the rabbit at least, the drug is par-

tially eliminated unchanged in the urine, to a large extent as inactive tromexan

acid A and to some extent as tromexan acid B. The structure of tromexan is as

follows:

OH OH

H

�/ %� C’ �

/C% C=O,C\ /�
O 000 0

C2H5

In the absence of pre-existing hepatic disease there is no effect on liver func-

tion (83, 84, 139, 447). However, pre-existing liver damage will alter the re-

sponse to the drug and renal insufficiency prolongs its action (297) but the drug

causes no impairment of renal function (83, 139, 447). There is no effect on red

or white blood cell count (83, 84), sedimentation rate (83, 447) or platelet count

(139). A transient fall in blood fibrinogen has been recorded (139).

Tromexan has a very favorable potency/toxicity ratio. Von Kaulla and Pulver

made extensive toxicity experiments (271). The oral LD� after a single admin-

istration is approximately 750 mg. per kg. for mice and 1000 mg. per kg. for

rabbits. After daily feeding of 100 mg. per kg. to mice death usually occurs

within 26 to 51 days. At autopsy the above investigators found fatty infiltration

of the liver and, less frequently, of the kidneys. In rats prolonged administra-

tion of large quantities also caused fatty infiltration of the liver. When the above

toxic quantities are compared with the therapeutic doses in Table 1 it can be

seen that there is a wide margin of safety.
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V. �ALICYLATES

The chemical similarity between salicylate and dicumarol and the discovery

that salcylic acid was the primary degradation product of 3, 3’-methylenebis

(4-hydroxycoumarin) suggested to Link (303) that dicumarol might owe its

effectiveness in vitro to conversion to salicylic acid. Investigation of this hypoth-

esis (308) showed that salicylates under certain conditions produce hypopro-

thrombinemia. These conditions apparently were species susceptibility, limita-

TABLE 1

Effect of a single dose of tromezan on prothrombin time in normal individuals

AUTHORS AND REFERENCES
TOMEXAN

DOSAGE

PROTHEOMBIN-TIME

METHOD OF

DETERMINATION
etecta e a

Maxi-

mum fall
Return to

normal

mg. hrs. hrs. hrs.

Reinis and Kubnik (447). 900 1-2 12-24 48 Legler’s modifi-

cation of

Quick’s
method

Della Santa (139) Not speci-

fled
3 20-24 48 Quick’s method

modified by
Jeanneret

Della Santa and von 300-450 Not speci- 24 48 Not specified
Kaulla (140) fled

Bickel and Della Santa
(55) 600 3 hrs. (10-

15% de-
cline)

24 48 Not specified

Deutsch (142) 150-1800 6-10 30-36 36-72 Not specified
Burt et at (86) 1200 8 hrs. (40%

decline)
8-24 Average

90% at

48 hrs.

Not specified

Lian et at. (297) 600-1200 2 4 9 Not specified

Burke and Wright (83)... 1200-1800 12 28-36 60-72 Link-Shapiro
modification

of Quick’s
method

Solomon et at. (522) 1200 8 10 24 Quick’s method

tion in vitamin K availability and administration of sufficiently large amounts

of salicylate.

Rats, human beings and rabbits appear to be more susceptible than dogs to

the hypoprothrombinemic effect of salicylate (107, 308, 442). The suggestion

that this low activity in dogs is due to rapid excretion (208) was investigated by

producing anuria with uranium acetate in two dogs (176). In these animals

salicylates alone were still unable to produce a hypoprothrombinemia. In dogs,

salicylate effects were detectable only if production of prothrombin was con-

comit.antly reduced by dicumarol administration. In rats on a low vitamin K

diet (308), however, the salicylates do reduce the prothrombin level. This vita-
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mm K restriction was regarded as essential to the effectiveness of the salicylates.

The dog, in contrast to the rat, is an animal in which vitamin K deficiency is

produced only with considerable difficulty. Thus it seems possible that the van-

ation in species response to salicylates may be related to the state of vitamin K

metabolism and storage. In rabbits (44, 307, 442) and human subjects (33, 89,

96, 138, 164, 215, 355, 397, 442, 499, 505), hypoprothrombinemia has been

found without restriction of vitamin K. However, the reductions reported have

generally been less than to 50 per cent of normal.

It is interesting to note that Jaques and Lepp (248) found that intravenous

administration of salicylates to rabbits caused no alteration in prothrombin

time, while oral administration resulted in a prolongation. After the oral ad-

ministration of sulfasuxidine, the oral administration of sodium salicylate did

not affect the prothrombin time. They suggest that salicylate may be converted

to dicumarol or to a substance with similar prothrombinopenic properties by

bacterial action in the intestinal tract. Exactly opposing results were reported

by Meunier et al. (352) who found intravenous but not oral administration to be

effective. In the rat only a time difference was noted in comparing the effective-

ness of the two routes (308).

Large amounts are necessary to reduce the prothrombin, but these doses may

be within the therapeutic range (111). Repeated doses are more effective than a

single dose, the maximal effect being reached in about 48 hours (164, 355, 442)

and followed by a gradual return toward normal prothrombin levels even under

continued salicylate treatment (89, 164, 397).

The possibility that not all salicylate compounds are of equal activity may

account for some of the variation in reported results. Acetylsalicylic acid, methyl

salicylate, sodium salicylate and salicylic acid are the compounds most often

used. Barclay (33) has reported on the administration of sodium paraamino-

salicylate (PAS) and indicated that prothrombin times have a tendency to pro-

longation but none was below 70 per cent of normal. Link (307) observed acetyl-

salicylic acid to be the most potent among some 60 salicylates tested. Salicylic

acid proved to have about five per cent of the activity of dicumarol. The testing

methods, however, are subject to the same qualifications discussed previously

regarding the evaluation of compounds chemically allied to dicumarol. Clark

and Spitalny (107) found that equimolar doses of sodium salicylate, methyl

salicylate and acetylsalicylic acid have about the same activity.

The metabolic state of the recipient may well have considerable effect upon

the response to the salicylates. The role of vitamin K has been mentioned earlier.
The prothrombinopenic action of sodium salicylate was greatly augmented by

experimental hyperthermia induced by yeast injection or high environmental

temperature, by hyperthyroidism and by daily alcohol administration (107).

From these experiments on rats it was suggested that increased metabolic ac-

tivity enhances the effect of salicylates.

The relationship to vitamin K was further probed. Link and coworkers (308)

demonstrated that co-administration of synthetic vitamin K and salicylates

would prevent the prothrombinopenic effects of the latter. Others observed the
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same effect (172, 355, 501, 505). Approximately one mg. of menadione will

counteract the prothrombin-reducing action of one gm. of acetylsalicylic acid

(505). The correction of hypoprothrombinemia can be achieved without altering

the plasma level of salicylic acid (629).

In discussing the mechanism of salicylate action, Field, Spero, Link and others

(176, 308) have emphasized that salicylates act only when the vitamin K func-

tion is impaired and that these agents have a low affinity on a competitive in-

hibition basis, compared to dicumarol, for the site of vitamin K action. They

believe that the effect of salicylic acid on prothrombin synthesis is at a site

somewhat different from that of dicumarol. They also suggest that there may be

a direct intravascular effect which produces inhibition of prothrombin.

Previously Link et al. (308) had indicated that there was no in-vitro effect of

salicylates. Stefanini and Petnillo (535) showed a retardation of prothrombin

time when the salicylate concentration was greater than 200 mg. per cent. A

deleterious effect on purified prothrombin was noted at high salicylate concen-

trations by Seegers, Loomis and Vandenbelt (495). The possibility of a direct

effect is not excluded.

All investigations of in-vivo salicylate effects were carried out by one-stage

technics for the determination of “prothrombin time”. The use of whole plasma

testing as described by Quick (435) was found to be relatively insensitive to the

degree of change produced by these compounds (303) so that 12.5 per cent

plasma was most extensively employed. Because the one-stage tests utilized

here are susceptible to alteration in Ac-globulin as well as prothrombin, the

change produced by the salicylates cannot with certainty be ascribed to reduc-

tion in either substance or in both. The prolongation of “prothrombin time”

cannot be interpolated to mean a hypoprothrombinemia. Reports of salicylate

effects based on more specific methods have not yet appeared.

Salicylates in sufficient dosage and under proper metabolic conditions do

interfere with the coagulation mechanism (15, 109, 116, 117, 194, 199, 308, 379,

456, 537, 575). Other pharmacologic aspects of the salicylates have been re-

viewed by Smith (517).

VI. METHYLXANTHINES

Interest in these compounds was stimulated by the work of Link and his asso-

ciates (303). When they were isolating dicumarol it was noticed that the concen-

trates were far more potent when freed of punine bodies. This increase in potency

was out of proportion to what was expected on the basis of simple removal of

presumably inert materials. They state that the literature as early as “1896

expressed the thought that caffein evoked the development of a coagulative

ferment.” Further pursuit of this problem supported the conclusion (174) that

the methylxanthines, caffeine, theobromine and theophylline, given orally, in-

duce a hyperprothrombinemia in the dog, rat and rabbit.. These drugs could

lessen the hypoprothrombinemic effect of dicumarol, and this action was not

shared by other purines and was not thought to be vitamin K-like. They sug-

gested that the methylxanthines might exert functional stimulation of hepatic
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tissue, but in a later communication Link (60) fully clarified his position by

stating that this is only a suggested explanation and that the term “hyperpro-

thrombinemia” is quite expendable. In the main their work has withstood the

test of time, but there are some aspects which require further consideration.

In man, as early as 1920, Nonnenbruck and Szyszka (385) found that methyl-

xanthines caused a definite shortening of the clotting time of the whole blood.

It was suggested that they might be used to aid the hemostatic mechanism

when desirable. This report caused Addicks (1) to do studies on man and the

original work was confirmed. In rabbits a reduction in whole blood clotting time

was also found (344). Apparently the bleeding time in rabbits is also reduced

(510). In man Scherf and Schlachman (465) found the whole plasma coagulation

time to be shortened. However, Blood and Patterson (64) found no change in

the whole blood coagulation time in man. This disagreement makes it difficult

for a reviewer, for the overwhelming evidence indicates that the whole blood

clotting time is reduced by these drugs. Blood and Patterson do not quote the

prior literature and did their tests at the end of one hour, whereas the main effect

apparently comes in about three hours. Their test subjects were also not in good

health. Nevertheless they have the support of another study (196) in which the

capillary tube method was used for studying whole blood clotting time.

In 1945 Quick conducted experiments in dogs (434) and found no evidence

that caffeine, theobromine and theophylline, fed in large doses, increase the pro-

thrombin level of the blood. The drugs also did not antagonize the action of

dicumarol. He suggested that his results differed from those of Link and asso-

ciates because the latter determined prothrombin times with the use of 12.5 per

cent plasma. This explanation, as will be seen later, is not adequate. In human

patients receiving large therapeutic doses, the various prothrombin time methods

give different results (64, 77, 196, 224, 391, 451, 465) but for the most part there

are no changes observed. Positive evidence was obtained when Russell viper

venom was used as thromboplastin (465). The significance of this is not clear,

and it would seem to require further study. From a study conducted with a

critical attitude toward methods, it was also concluded that hyperprothrombin-

emia is only apparent (383). If one assumes that these methods give essentially

negative results with human plasma, it is necessary, in view of the results on

whole blood clotting time and other experiments to be discussed below, to con-

clude that they are not adequate for disclosing what the methylxanthines do to

the clotting mechanism. Olwin (60), who has had extensive experience with

blood coagulation methods and dicumarol therapy, stat.es categorically that

human beings require much more dicumarol when they are also receiving methyl-

xanthines.

In animal experiments Honorato (227) was able to show that the administra-

tion of caffeine, theobromine and theophylline and sodium benzoate causes an

increase of his plasmatic co-factor of thromboplastin (Ac-globulin) (226). During

the same year and independently, McCormick and Young (342) showed that

Ac-globulin concentration shows a marked and persistent rise when aminophyl-

line is given to dogs in large doses. They used the quantitative method for Ac-
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globulin analysis devised by Ware and Seegers (596). There was no shortening

of the whole blood coagulation time which is no surprise because it is normally

very short in the dog. They found the prothrombin concentration as measured

by two-stage methods (592, 596) to be elevated slightly, after which it was low-

ered somewhat below normal before returning to normal. By these more specific

methods they were thus able to uncover a complex situation in which an elevated

Ac-globulin concentration was the predominant feature. Their work is in agree-

ment with that of Honorato (227). Ac-globulin is an accelerator of prothrombin

activation. We can thus conclude that the methylxanthines csaue an increase

in Ac-globulin concentration and thus indirectly cause prothrombin to be more

effective.

It has been shown that caffeine, theophylline and theobromine increase the

fibrinogen concentration in the dog and also in the rabbit. In the latter animal

some related drugs were also effective (177), namely, xanthine, adenine, uric

acid, guanidine and glycocyanine. The rabbit is far more susceptible than the

dog to the methylxanthines.

VII. ANTIBIOTICS

The antibiotics have been investigated with respect to alteration in the coagu-

lation mechanism. Ochsner (315) has suggested that the failure to reduce the

incidence of thromboembolism in recent years, in spite of improved therapy,

may be due to a deleterious effect of the antibiotics. This view has incited addi-

tional commentary (152, 315, 437). The available evidence deals primarily with

penicillin.

The initial report of Moldavsky et al. (361) indicated a lowering of the coagu-

lation and bleeding time following oral and intramuscular penicillin adminis-

tration. Also non-retractile clots were observed. Macht, in several articles (325-

327), reported a reduction in the coagulation time in rabbits, cats, and a few dogs

and human beings and emphasized the “thromboplastic properties” of penicil-

lin. Comparing amorphous and crystalline penicillins X, K, G and F, he re-

ported a decreasing effect in that order. The evidence, in fact, for any effect of

penicillin G and F is equivocal. The range of dosage used was wide and intra-

muscular and intravenous routes of administration did not alter the effect.

Mosonyi, Palos and Komaromy (365, 366) have supported this in-vivo effect of

penicllin in reducing the clotting time.

In contrast to the above reports are the investigations of Lewis (295) who

followed the coagulation time and, in addition, measured the prothrombin time,

capillary bleeding time, clot retraction, platelet count and plasma fibninogen

level. She found no effect after oral doses up to 1,500,000 units per day or single

intramuscular doses up to 200,000 units. Similar results were reported after ad-

ministration of 300,000 units of crystalline penicillin G in oil and beeswax, and

there was no change in hepanin tolerance curves (148). Hines and Kessler (220)

similarly reported no changes in platelet counts or prothrombin times but did

find an increased sensitivity to hepanin in two patients treated with penicillin.

Hypoprothrombinemia has been attributed to penicillin by Lewitus (296) and
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Astrup (28), although the latter’s three cases appear to have been exceptional

and are regarded by the author as manifesting hypersensitivity. In summary of

the in-vivo effects of penicillin, it appears that the antibiotic causes no major

change in the coagulation mechanism within reasonable dose ranges. The possi-

bilities must be reserved that factors not yet measured may be altered and that

the various types of penicillin may differ in the responses they cause.

The in-vitro effects of penicillin are somewhat clearer. Lewis (295) reported

no change up to 500 units per cc. of blood. Fleming and Fish (181) found that

concentrations over 3000 units per cc. retarded clot formation and retraction.

This inhibiting effect of a very high penicillin concentration has been confirmed

by Menghini (347), Mosonyi et al. (365) and Strausz (539). Mosonyi (366)

suggests that this effect is due to an alteration in fibninogen, involving -SH

groups.

Streptomycin has also been implicated by Macht (325-327) for its “thrombo-

plastic properties,” that is, the coagulation time was shortened following ad-

ministration of the antibiotic. Overman and Wright (390) found a coagulant

action under special in-vitro conditions. Opposing results (97, 378) demonstrated

a retarding effect in vitro and no effect in vivo. An additional report on intravenous

streptomycin administration to rabbits, guinea pigs and cats showed no change

in blood coagulation time up to 1 mg. per kg., a decrease in coagulation time

after 5 to 40 mg. per kg., and an increase after 50 mg. per kg. (149).

Aureomycin has been investigated by Harned et al. (211), Ross et al. (459),

Lasser et al. (317), Shapse and Wright (507) and Herrell (214), who found no

significant alteration in coagulation time, prothrombin time, bleeding time, or

in-vitro hepanin tolerance test. Two reports which are contradictory partially

disagree with these findings. While agreeing that the prothrombin times are not

appreciably changed, Macht and Farkas (328) maintain that the coagulation

time is markedly shortened; Galt and Hunter (189) maintain that it is pro-

longed.

Unfortunately our knowledge of the effects produced by antibiotics on the

coagulation process has progressed very little. Most of the reports in favor of an

effect do not convince the critical reader. It is plausible that the antibiotics may

alter the clotting mechanism, but specifically which mechanism is involved?

The matter warrants more thorough investigation.

VIII. PROTAMINES

The action of protamines on the blood coagulation mechanism is complex

and it is perhaps profitable to discuss their nature first. In biological materials

they are associated with nucleic acids (283) as salt-like compounds. As prepared

in the chemical laboratory these proteins have strongly basic properties due to

their high arginine content. A preparation of salmine, derived from salmon

sperm, contains 58.9 per cent arginine (163). The normal pH of the blood is

below the isoelectnic point of protamine, and thus the protamines have a charge

opposite to that of the plasma proteins themselves.

In 1900 Thompson (562) studied several protamine preparations and found
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that their intravenous administration may cause a drop in blood pressure, pro-

longation of the clotting time of the blood, and a reduction in the leucocyte

count. After high doses death resulted. In later work Jaques (246) showed that

the fall in blood pressure was due to dilatation in the arterioles of muscles. He

also found that salmine added to blood in silicone-treated containers caused

thrombocytopenia but not leucopenia. Attempts to produce local reactions in

the skin at the site of intracutaneous injection were negative. It was also not

possible to produce hypersensitivity to protamine in the guinea pig (276).

Shelly, Hodgkins and Visscher (508) studied the toxicity of protamine in the

guinea pig and the rat ; administration by the intravenous route produced death

at a dose level of 6 to 12 mg. per 100 gm. Intrapenitoneal injection delayed the

lethal effect. When protamine was added to whole blood in the test tube, the

cells of the human being, dog. cat and rat were agglutinated. Perfusion of blood

through isolated organs was blocked by protamine probably because of embolic

vascular phenomena. Other investigations (581) showed the median lethal sub-

cutaneous dose in mice and rabbits to be 200 to 300 mg. per kg. Other untoward

effects include respiratory distress, muscular rigidity, marked malaise, polyunia,

hyperglycemia, and hemorrhages in the thyroid, lungs and kidneys. Oxygen

consumption of minced rat liver is reduced by pnotamine (446).

The addition of sufficient protamine to blood plasma causes fibninogen to pre-

cipitate (376). This precipitate is soluble in 3 per cent sodium chloride solution.

Much of the fibninogen lyses after incubation of the precipitate. This is probably

due to the fact that the precipitate contains, besides fibninogen, practically all

the profibninolysin of the plasma (203). The precipitation of fibninogen from

human plasma by protamine is also a reversible process for another reason

(162). Protaminase, an enzyme present in the plasma of a number of animals,

will digest the precipitate. Protamine is also thought to act on prothrombin in

test tube experiments (168) but apparently this view has not been put to a test

by the use of purified prothrombin. Phosphatides, such as cephalin, form water-

insoluble salts with protamine (100). In this manner a lipoprotein such as throm-

boplastin would he inactived by protamine; Tocantins (572) was able to show

that an appropriate amount of protamine couid be added to plasma to give an

effect. which seemed antithromboplastic. He also found that protamine, in cer-

tain concentrations, exaggerates the antithromhoplastic and anticephalin ac-

tivity of hemophilic plasma, but not to the same degree as that of normal plasma.

The work of Chargaff and Olson (102) showed that an anticoagulant such as

heparin can be inactivated in vivo with protamine. This is owing to the combina-

tion of the basic protein with the acidic hepanin to form a stable salt. rrhis reac-

tion has been studied extensively by many others (245). The action of protamine

sulfate, when given intravenously to the hepaninized patient or animal, returns

the clotting time to normalS almost immediately. For use in man protamine is

freed of pyrogens (262). The practical use of protamine in the neutralization of

hepanin developed quite rapidly, despite the natural hesitation stemming from

the available knowledge concerning its toxicity (51, 125, 251, 261, 407, 444).

The material is given slowly by the intravenous route. A typical commercial
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preparation consists of a water-clear, one per cent solution of salmine sulfate.

One mg. of standard hepanin (Connaught Laboratories) is neutralized by 1.28

mg. of protamine, but the figures in the literature for neutralizing a given quan-

tity of heparin in vivo are not consistent, probably because hepanin itself shows

variations in composition. Jorpes, in pioneer work, for example, states that 60

mg. will neutralize 100 mg. of hepanin in vivo in the human being and that 40

to 50 mg. will neutralize 75 mg. of heparin. The quantity of protamine required

for neutralization in the hepaninized patient diminishes rapidly with the elapse

of time after the prior administration of heparin. If administered immediately

after hepanin, the amount of protamine required is approximately mg. per mg.

that of the amount of hepanin, whereas 30 minutes later often less than one half

the dose of protamine is sufficient to neutralize the effect of hepanin (Ga, 6b).

The duration of the antiheparin action of protamine sulfate is about two hours.

The last traces of hepanin are removed very slowly (548).

The quantity of protamine which may be given safely and with best results

would presumably depend upon the amount of anticoagulant requiring neu-

tralization. Consequently, and for lack of extensive experience, only examples

can be cited. Allen and associates (10) have given 150 mg. intravenously over a

period of several hours as the initial dose. In addition 50 mg. were given intra-

muscularly every four to six hours. Occasionally pain at the site of intramuscular

injection has been reported. In cases of leukemia Hill (216) has administered

as much as 250 mg. dissolved in fresh blood.

A protamine titration method has been devised for a rough estimate of hepanin

or hepanin-like anticoagulants in the blood. This becomes of interest in condi-

tions such as total body exposure to ionizing radiation (7, 11, 12, 598), the bleed-

ing tendency of thrombocytopenic punpura (9, 408) and the leukemias (573),

where heparin or hepanin-like materials might be involved. The therapeutic use

of protamine, while advocated by some, would seem to require further study,

for .the results of others have been disappointing. The above named conditions

seem to be accompanied by an increase in plasma concentration of hepanin or

of compounds not easily distinguished from hepanin. By contrast normal plasma

apparently is almost free of hepanin.

IX. TOLUIDINE BLUE

This dye was used by Jorpes and associates (257) to locate the physiological

occurrence of hepanin in the mast cells. Toluidine blue (dimethyl-orthomethyl-

thionin) shows only slight metachromasia with hepanin test tube experiments

(250). Some samples of the dye, usually old, show considerable metachromasia.

A shift in the absorption spectrum of toluidine blue occurs, and in this respect

it is then indistinguishable from azure A (250). Variations in the dye from one

sample to another have apparently been encountered quite frequently. Like

proteins the dye combines with heparin to form a stable compound. Quantita-

tive measurements show that the reaction follows the mass law (245).

The properties of toluidine blue make it of interest in blood coagulation prob-

lems in much the same manner as described for protamine above (7, 9, 10, 12,
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225, 230, 250, 407, 408). Protamine will rapidly neutralize an overdose of intra-

venously injected heparin. Toluidine blue is useless in this respect because of

its slow action in neutralizing hepanin. On the other hand, the antiheparin effect

of toluidine blue, even though slow, can be detected for nearly 24 hours after an

initial injection of 4 mg. per kg. in dogs. Allen and associates (9) state that the

dye, dissolved as a one per cent solution in 250 to 500 cc. of sodium chloride

solution and sterilized by filtration, is well tolerated by human beings in the

dose range 1 to 4 mg. per kg. The solution was given slowly intravenously. The

toxicity of toluidine blue has apparently not been studied extensively. In dogs

but not in man it is strongly hemolytic and causes leucocytosis and thrombo-

cytosis. In man the urine and stool become highly colored and remain so for 36

to 48 hours after a single intravenous dose of 2.0 to 2.5 mg. per kg. The dye is

not active when given by mouth (9).

A curious and as yet ill-defined clotting disturbance occurs in patients with

certain bleeding disorders associated with, if not caused by, a number of patho-

logic states. This disordered clotting mechanism is characterized by a prolonged

clotting time, a slow rate of fibrin formation, an increased “protamine titration”

and clinical evidence of abnormal bleeding (6a, 6b). In some instances, evidence

of a clotting inhibitor can be detected. In some respects this inhibitor resembles

hepanin but in other respects it appears singularly different, with the result

that no conclusion as to its nature can be reached at present. The evidence which

suggests its heparin-like nature is based solely on the fact that bleeding in many

of the patients with the above described syndrome improves after the intra-

venous administration of toluidine blue, 4 to 5 mg. per kg., for two to four days.

The syndrome has been observed in certain cases of menorrhagia, upon estrogen

withdrawal in man and dog, in some patients with leukemia, in some patients

and dogs exposed to lethal dosages of ionizing irradiation, and as a complicat.ion

of aminoptenin therapy. Some of these conditions are associated with thrombo-

cytopenia, but platelet deficiency alone does not appear responsible for the par-

ticular pattern of events described. While toluidine blue is a useful agent in

properly selected patients in aiding the control of bleeding, its mode of action

in these instances is not known.

X. THE CARDIAC GLYCOSIDES

It is especially difficult to organize the conflicting literature on the effect of

digitalis on blood coagulation. The main trend seems to indicate, almost with-

out exception, that there is an accelerating effect of digitalis on blood coagula-

tion w’hen the rabbit is used as the experimental animal. The same is apparently

true of the effect of digitalis in the cat, but the experiments with this particular

species are limited. This applies also to the dog. With regard to the human being,

it is difficult to escape the conclusion that the clinical evidence indicates a pre-

disposition towards thrombosis when digitalis is used. Laboratory work done

on human blood is, however, conflicting. There are some trends toward negative

results when the criterion of measurement is the prothrombin time or whole

blood clotting time. Evidence of hypercoagulability seems to be obtained when
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extreme care is taken with the technic of determining whole blood clotting time.

These generalizations will be examined in more detail.

Apparently the first observatioii was that of Tanaka (557) who showed that

strophanthin accelerates the coagulability of rabbit blood. In work by Field

ci al. (177), lanatoside C and digitoxin administered to rats and rabbits had an

accelerating effect on coagulation. There was, however, no effect on the pro-

thrombin time of whole or diluted plasma and there was no antagonistic effect

OIl dicumai’ol, In another study tincture of digitalis (5 ml. per kg.), digitoxin

(0,5 mg. per kg.) and strophanthin (0.1 mg. per kg.) injected into rabbits accel-

orated the coagulatioll time of the plasma. It was suggested that the accelerating

effect of these drugs is due to the mobilization of prothrombin from the liver

because hepatectomy in dogs prevents the effect (542). In another report of the

reduction of the coagulation time of rabbits’ blood by digitalis, the number of

animals was small and the l’esults were not especially striking (603). In the nab-

bit and the cat digitalis was found to have a pronounced effect in decreasing the

coagulation time of the blood (424), and it is recorded by Honorato and Lope-

tegui (229) that in experiments with rabbits digitalin has a definite effect on
blood coagulation. They also record that ouabain, Digitalis lanata glycosides,

cholic acid or coumarone shortened the prothrombin time as determined on

diluted plasma. Honorato and Gomez (228) produced experimental thrombosis

in rabbits very readily after pretreatment with digitalis glycosides. A small dose
of dicumarol prevented this quite readily. Honorato and associates believe that

the decreased prothrombin time observed with diluted plasma may be explained

on the basis that the plasmatic co-factor of thromboplastin is increased in con-

centration. It has already been suggested above that Ac-globulin and the pins-

matic co-factor of thromboplastin may be one and the same substance. Conse-

quently it may be that an increase in Ac-globulin concentration of rabbit

plasma is caused by the glycosides of the digitalis series.

In experiments in cats, digitalis seemed to shorten the coagulation time of

the blood (323). Other experiments by Macht ten(l toward the same conclusions

(324, 326).

Observations on human beings are equivocal. In answer to the title of an

article, “Is digitalis indicated in mycocardial infarction?”, it is stated that

digitalis administered alone for congestive heart failure associated with aunicular

fibrillation and myocardial infarction would seem to be contraindicated (16).

In another study (424) therapeutic doses of digitalis in patients with complicated

cardiac decompensation did not significantly affect the coagulathin time of blood

but it was suggested that, in cases of cardiac decompensation complicated by

devitalized tissue due to infarction or trauma, the administration of digitalis

may increase the danger of thrombus formation and embolism. It was suggested

that this is due to the release by digitalis of an intracellular clot promoting

factor-perhaps thromboplastin. Peters, Guyther and Brambel (414) found that

digitalization for congestive heart failure in patients with coronary thrombosis

increases the incidence of thromboembolic complications and that the hazard

could be nullified by dicumarolization of such patients. de Takats et a!. (554)
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point out that it has always been a source of speculation why patients whose

aunicles have fibrillated for many years suddenly begin to throw emboli, and

they state that no attention has been paid to the coagulation system of the

blood and that digitalis is received by many such patients. They found hepanin

to be less effective in the presence of digitalis and while, as they say, there are

no data as to the mechanism it must mean that somewhere in the coagulation

system digitalis opposes heparin. They also cite a case in which digitalis showed

an antagonistic action toward dicumarol. Additional comments by other inves-

tigators urge that more careful consideration be given to the possible effects of

digitalis on blood clotting (237).

Pere (41 1) reviewed the literature extensively and made a thorough attempt

to ascertain the nature of the influence of digitalis on blood coagulation in studies

in human patients. Like many others he investigated the validity of the whole

blood coagulation time in man and included a study of the influence of CO2 and

02 tension and of venous stasis. The absolute values of blood coagulation time

may differ from one person to another, but significant information can be ob-

tained when the determinations are all made by the same person and with care-

ful technic. This idea would seem to be substantiated by those who have devel-

oped extraordinary technical skill. Of course, it is another matter when the

species being studied has a very short coagulation time. Digitalis shortened the

coagulation time in patients with congestive heart failure. On the other hand

this did not occur in normal healthy control subjects. Strophanthin shortened

the coagulation time in patients with congestive heart failure more markedly

than did digitalis; in control subjects no shortening was observed. The mercurial

diuretic, novunit (tnimethyl-cyclopentane-carbonic-acid-allyl-amide-methoxy-

carbonic-acid) and 0.05 gm. of theophyfline, also reduced the coagulability time

greatly in patients with cardiac insufficiency. In general it seemed that all the

drugs that cause rapid disappearance of edema accelerated the coagulation time

in cases of congestive heart failure. In control subjects only novunit caused an

acceleration of coagulation in which case diuresis was associated with the phe-

nomenon. The prothrombin time failed to show any changes after digitalis,

strophanthin or novunit, either in control subjects or in patients with congestive

heart failure. The same was true for fibrinogen. In patients with congestive heart

failure digitalis increased the daily volume of urine on an average of two-fold,

strophanthin by nearly three-fold and novurit by about four-fold. It is suggested

that the effect of the drugs is, therefore, not specific but due to hemo-concentra-

tion. It is further suggested that as hemo-concentration increases tissue fluid is

drawn into the circulating blood and that this increases the thromboplastin con-

tent of the blood and so shortens coagulation time. These suggestions extend

beyond the limits of the observations, for one must question whether thrombo-

plastin enters the circulation in this manner. It is also known from the work of

Tocantins that slight dilution of normal blood in test tubes favors coagulation,

most likely because dilution places the inhibitors of coagulation at a greater

disadvantage than the activators. Certainly Pere’s fine work has indicated possi-

bilities not adequately considered previously.
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A number of other workers who have studied the effect of digitalis on human

beings have cdme to the general conclusion that there is no significant effect.

In one study, ten patients given digitalis showed no significant alteration in the

coagulability of the blood (520). Sutton (544) found no change by the Lee-

White method, in the hepanin tolerance curve or in the prothrombin times in

subjects given digitalis. Likewise Cathcart and Blood (99) found no statistically

significant changes in either clotting time or prothrombin time following the

administration of digitoxin, lanatoside C or digitalis to patients having conges-

tive heart failure or to normal subjects. Levin and Ruskin (293) also came to

similar conclusions.

Moses found no change in the clotting time and no change in response to

heparin following intravenous administration of digtalis (364). Almost completely

negative expethnents with dogs are recorded by Ramsey, Pinschmidt and Haag

(441) with the exception that there was a decrease in coagulation time under

certain conditions of anesthesia (441). In other reports some patients showed a

shortening of the coagulation time and in some it was prolonged (237, 556).

XI. ALPHA TOCOPHEROL COMPOUNDS

Naphfhotocopherol was synthesized by Tishler and Evans (570) and was

found to have both vitamin E and slight vitamin K activity. Its vitamin K

activity was ascertained by bioassay in chicks. In a study of inhibition by struc-

tural analogs of metabolites, Woolley (617) found that alpha tocopherol quinone

produced manifestations in mice related to those seen in tocopherol deficiency.

The administration of vitamin K prevented the resorption of the embryos and

the excessive vaginal bleeding which accompanied the resorption process. While

the hemorrhagic manifestations produced by alpha tocopherol quinone could be

reversed by vitamin K, estimations of the prothrombin time were essentially

the same as for the controls so that a decrease in prothrombin concentration

probably was not one of the factors associated with the hemorrhage. The author

(617) points to the structural similarity of alpha tocopherol, alpha tocopherol

quinone and vitamin K1. Descriptions of vitamin E deficiency have usually in-

cluded mention of hemorrhagic manifestations (336). Except in chicks on a diet

which was probably deficient in vitamin E, hyaline, capillary thrombi were

found in and about the necrotic areas of the cerebellum. These thrombi were

almost invariably found within and about degenerated areas but it was not pos-

sible to present proof that the capillary thrombosis was a primary cause of the

ensuing necrosis. It is possible that the thrombi were caused by thromboplastin
from the degenerating zones (406, 611).

A iiumber of organic chemicals have a powerful inhibitory effect on the throm-

bin-fibninogen reaction (170), while others have a potentiating effect. Among

these are gum acacia, phenol, o-cresol and p-cresol (190). Alpha tocopherol

phosphate is one of the compounds which inhibits the action of thrombin. This

occurs to a certain extent at a concentration in which the tocopherols are found

in normal human serum, which is said to be about 1 mg. per cent. This anti-

thrombic effect of alpha tocopherol could be demonstrated in vitro and in vivo
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(628). With purified reagents the inhibition of thrombin activity in the test tube

can be reversed by the addition of calcium because calcium forms an insoluble

compound with alpha tocopherol phosphate (273). Kay and associates have

devised an antithrombin test which is not based on fundamental relationships

and is, therefore, an empirical test (275). They present data to show that there

is a thrombosing tendency when this test shows low “antithrombin” values.

Furthermore, the administration of alpha tocopherol phosphate with calcium

gluconate to patients causes the “antithrombin” value to be increased. The group

of patients which received alpha tocopherol phosphate with calcium gluconate

had a far lower incidence of thrombosis than a comparable group not so treated

(274). They therefore advocate the use of this drug to deal with the problems

presented by thrombo-embolic phenomena. It is not easy to decide whether the

test tube experiments correlate with the clinical observations. At first one would

be inclined to assume a direct connection but the evidence is incomplete. The evi-

dence presented by Kay and associates has not been met with much enthusiasm

(63) and it remains to be seen whether the clinical conclusions (274) can be con-

firmed. Overman (63) tried several antithrombin tests and could find no response

with various doses of alpha tocopherol in animal experiments.

In another study (272) alpha tocopherol phosphate and inositol phosphatide

were shown to have antithromboplastic activity. The tests consisted of producing

generalized thrombosis in mice by injection of thromboplastin. After thrombo-

plastin was first incubated with monosidium alpha tocopherol phosphate or inosi-

tol phosphatide the mixture could be injected and the clotting effect of thrombo-

plastin was not observed. Under certain conditions in-vivo experiments were also

successful in that large doses furnished protection against thromboplastin.

Fibninogen counteracts the effects of each of these substances in test tube ex-

periments.

XII. HEPARIN AND RELATED SUBSTANCES

The story of hepanin has been summarized in a monograph by Jorpes (257)

and it does not seem necessary to review historical aspects such as its discovery,

isolation, industrial production, and role in the development of anticoagulant

therapy. It does seem appropriate, however, to review recent literature and

attempt to cover the pertinent points concerning its chemical nature, mode of

action, rationale for methods of administration, and heparin substitutes.

Chemical nature. The commercial products which are available are obtained

from animal tissues. In these tissues the anticoagulant is located in the mast

cells (257, 606) found mainly in the connective tissue near capillaries and in the

walls of blood vessels. The hepanin material is found with the amorphous micro-

some material occupying the “intergranular” cytoplasm (264, 547). From here

the native material has been obtained in the form of a hepanin-lipid-protein

complex. The protein pant has an amino acid pattern similar to that of the his-

tones (547). Since heparin as such has not been found in appreciable quantity in

the blood it may be that the lipid-protein complex is all that remains when and

if the whole native complex is released into the blood stream. In any case the
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commercial heparin isolated from lungs or liver is devoid of the lipid-protein

complex. It is obtained as crystalline material, either as the barium or sodium

salt. It is a mucoitin polysulfunic acid which has a molecular weight of 17,000

(256). The repeating unit in the molecule is a disaccharide and consists of gluco-

samine (257) and glucuronic acid (612, 614, 615) joined through chemical linkage

and containing th� sulfuric acid as ester. Alternative structures for the general

architecture of the molecule are proposed (615). Mild acidity causes the hepanin

molecule to lose its anticoagulant activity. The rate of loss in activity is propor-

tional to the rate of appearance of a free amino group in the molecule. It is be-

lieved that its nitrogen linkage is essential for its biological activity (613).

Hepanin has a strong negative charge and when added to plasma a new electro-

phonetic component, the C component, appears and migrates with a mobility

between that of heparin and albumin (104). It may be that all hepanin prepara-

tions are more or less inhomogeneous in that they may possess one, two or three

sulfate groups for each disaccharide unit (260).

A unit of hepanin is defined as 1/130 mg. of a potent sodium salt of hepanin

supplied to the National Institute of Medical Research, London, by Best and

associates of Toronto. It is the Provisional International Standard and is equiva-

lent to one U.S.P. (XIV) unit. In the United States commercial preparations

are adjusted to a potency of 100 units per mg. In Sweden it is standardized to

contain 80 units per mg.

Mechanism of action. Hepanin is effective at two points in the chemical mech-

anism of blood coagulation. Firstly it blocks the activation of prothrombin.

Actual measurements show that hepaninized blood contains its full quota of

prothrombin. To block the activation of this prothrombin a plasma cofactor is

required, for hepanin will not block the activation of purified prothrombin (17,

81, 82, 429). The nature of the co-factor is not known, except that it is probably

a protein. Secondly, hepanin has an effect as an antithrombin. When added to

plasma hepanin causes plasma to develop powerful antithrombin properties

(431). When heparin is mixed with purified thrombin this powerful inhibition is

not observed and it is, therefore, believed that plasma furnishes a co-factor

which acts in conjunction with hepanin to give the antithrombin effect. It could

be that this co-factor is the C component (104) or the protein-lipid complex

associated with hepanin in the native state (457) or that these two are the same,

but the answer is not known. It has been shown, however, that this antithrombin

effect of hepanin does not involve destruction of thrombin (20, 278). The mecha-

nism is apparently an interference with the ability of thrombin to clot fibninogen.

Heparin thus acts as an anticoagulant whose effect is superimposed on the blood

clotting mechanism whereas dicumarol acts on physiological mechanisms to

interfere with the production of prothrombin.

From the work of Copley and Robb (120, 121) it became known that hepanin

affects the platelets. When added to dog blood in vitro it produces a platelet

decrease; in vivo this same effect is transitory and there may be a subsequent

increase above the original. In mice single or repeated subcutaneous injections

did not result in a significant change in platelet count. Fidlar and Jaques (171)
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also found a brief thrombo#{235}ytopenia in dogs and man, and the fall recurred

with repeated intravenous injections. There was some variation from one hepanin

lot to another. In another study it is concluded that the agglutination of plate-

lets is of little moment in the use of the drug (439), with the possible exception

that thrombin might cause platelets to agglutinate, in which case hepanin would

be an agent to prevent agglutination indirectly via the mechanisms described

above, namely, by blocking prothrombin activation and by acting as anti-

thrombin.

In small amounts heparin accelerates blood coagulation (154, 178). There-

after, with higher concentrations, the effects of the above described mechanisms

are observed. Upon intravenous injection of hepanin, the clotting time is pro-

longed in proportion to the dose (53, 249). A linear relation is found between

dose and the logarithm of the clotting time obtained. With moderate doses five

to ten minutes are required for the clotting time to reach a maximum and there-

after the heparin effect becomes dissipated in a few hours, the duration of action

being proportional to the dose (53, 244). The drug is probably inactivated by

an enzyme. Also its excretion by the kidney has been considered. This route of

elimination may not be important (52) for the excretion by the kidney may be

limited (122, 257). The excreted material may be a derivative of heparin, called

urohepanin (53). It is said to be far less active than hepanin itself. In one experi-

ment Jaques and Ricker (249) found no difference in the rate of disappearance

of heparin in normal and nephrectomized dogs. On the other hand, in rabbits

25 to 50 per cent of injected heparin was excreted in the urine by glomerular

filtration and tubular secretion (421). Deposits were found in the kidney, liver,

spleen and lung of the rabbits. Also caninamide (4’-carboxyphenylmethanesul-

fonanilide), which affects certain renal transport mechanisms responsible for

tubular secretion, has been reported to influence the duration of hepanin action

in man (341). From the practical standpoint it was suggested that the use of

caninamide might reduce the quantity of hepanin required by 50 per cent (341).

Administration. Heparin is not effective by oral administration. The various

methods of administration have taken into account its fundamental pharma-

cological properties described above. Large doses are not toxic, nor do they affect

wound healing (47, 258), and the only danger is that of hemorrhage. The rapid

neutralization of heparin action by protamine or toluidine blue, as described

below, provides a valuable safety measure. The possible danger of hemorrhage

has prompted the use of minimal dosage, but Jorpes (257) has emphasized the

need for quantities adequate to prevent thrombosis. The intravenous drip method

employed by the pioneering Toronto group attempted to match the slow disap-

pearance of hepanin. This method entailed inconveniences and involved large

fluid volumes (251, 372). In Sweden (257) intermittent intravenous doses were

given, for example, 50 + 50 + 50 + 100 mg. or 75 + 75 + 75 + 125 mg. per

day at 8, 12, 16 and 20 hours, respectively. For details the reader should consult

Jorpes (258, 259). Strong aqueous solutions have been given by the intramuscu-

lar route (533, 587). A repository form of heparin has been used and consists in

purified hepanin compounded with gelatin-dextrose-acetic acid (450). It caused
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pain at the site of injection, but this objectionable feature has been eliminated

by appropriate adjustment of pH (312). It prolongs the action of heparin effec-

tively (156, 198, 202, 223, 31 1 , 313, 314, 368). The disadvantage of unpredicta-

bility has been recorded, but as an average the full effect of the drug is observed

at five hours, high effectiveness for the next 20 hours, and significant elevation

of the coagulation time for 50 hours. With the addition of vasoconstrictors such

as epinephnine and ephednine the coagulation time is prolonged by the eighth

hour, remains at that high level for about 40 hours, and returns to normal at

about 70 hours. The use of hepanin is widely discussed in the literature and some

additional practical views not previously cited are given (41, 281, 309, 333, 334,

452, 552).

Heparin substitutes. The fact that. commercial hepanin of animal tissue origin

is a disaccharide containing sulfate suggested the possibility of making syn-

thetic polysacchanide sulfuric acids. Esters of cellulose, chitin, pectic acid, gly-

cogen, starch, gum arabic and yeast nucleic acid were prepared (22, 23, 24, 37,

48, 49, 270). They were all found to possess hepanin-like activity but were far

less potent than hepanin. Pharmacological studies (26, 418, 419, 420) showed

the cellulose and starch sulfuric acid esters to be the most toxic and chitin the

least (26); the chitin material had the highest anticoagulant potency (419). The

main difficulty encountered was platelet agglutination after intravenous injec-

tion (418, 420). Cellulose and starch sulfuric acid esters precipitate fibninogen

and clump the platelets with the result that emboli are produced and later in-

farcts develop in the lung and kidney (420).

The results with another synthetic compound were far more encouraging. A

polysulfuric ester of polyanhydromanuronic acid, called Paritol, has �an intra-

venous LD5� for mice of 1898 mg. per kg. as compared with 15Q0 to 2000 mg.

per kg. for heparin. Its anticoagulant potency is about 4 that of hepanin (525,

526), but the duration of action is prolonged as compared with hepanin. About

30 per cent of an intravenous dose is recovered in the urine, but its action is

not prolonged by bilateral nephrectomy, splenectomy, hepatectomy, injections

into the bone marrow, or blockade of the reticuloendothelial system with India

ink. Sorenson and Wright (525) reported evidence of satisfactory maintenance

of anticoagulant therapy with Panitol. Three of 35 patients showed reactions.

Two of these reactions were mild and the other was severe; however, the authors

feel that further studies are definitely indicated.

Bartholomew and Barker (38) found, in a series of ten subjects, that protamine

sulfate neutralizes the effect of Panitol. For example, the coagulation time of

whole venous blood which had been markedly prolonged by the administration

of 300 mg. of Paritol returned rather rapidly to normal when 200 mg. of prota-

mine sulfate were given intravenously within one hour after the Panitol. Similar

effects were noted with 100 mg. given four hours or 50 mg. given eight hours

after the administration of Panitol.

XIII. UNRECOGNIZED NUTRITIONAL FACTORS

Warner and Owen (595) found that patients with Addisonian pernicious anemia

in relapse have a prothrombin level between 40 and 65 per cent of normal. This
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hypoprothrombinemia is not rectified by large doses of vitamin K but there is

a prompt response when specific liver therapy is instituted (595). In further

pursuit of this problem Owren (401) found that crystalline vitamin B12 or folic

acid or both may cause the red blood cell count to return to normal, but the

hypoprothrombinemia remains in the range of 60 to 90 per cent of normal. It

was also found that the macrocytes are flatter, increased in diameter and more

resistant to hemolysis in hypotonic saline solutions. On the latter basis the

macrocytes could be separated from the other cells, and it was found that their

hemoglobin is of the fetal type as shown by the rate of alkali denaturation. A

substance found in crude liver extract returns these aberrations as well as the

hypoprothrombinemia to normal. The substance in liver may correct the hypo-

prothrombinemia and fetal type hemoglobin without altering the red blood cell

count. Apparently the liver factor is generally concerned with protein metabo-

lism and the hypoprothrombinemia is only one of several ways to det.ect the

deficiency.

Folic acid is also concerned with one of the proteins of the clotting mechanism.

Macrocytic anemia in chicks, resulting from folic acid deficiency, is accompanied

by an increase in plasma antifibninolysin activity. Crystalline folic acid prevents

this marked increase (204).

XIV. VITAMiN K

Previous reviews (18, 78, 88, 92, 133, 147, 303, 335, 432, 461, 594) cover most

of the field up to present times. Thayer (558) asserts that over 600 papers have

been written on the effectiveness of vitamin K in preventing hemorrhages in the

new born and it is hardly appropriate to take up this subject or the others

covered by th� above references. However, at this time it seems appropriate to

recall the basic facts and to discuss the relationship of vitamin K to hypervi-

taminosis A, to hyperprothrombinemia and to antagonistic drugs.

Vitamin K deficiency causes a bleeding tendency because vitamin K is neces-

sary for the synthesis of prothrombin by the liver (132). This mechanism re-

quires a normal functioning liver and in fact a vitamin K tolerance test (578) is

a useful liver function test. The vitamin is not a part of the prothrombin mole-

cule itself (495) for it cannot be found in purified prothrombin preparations.

There are many compounds possessing K activity and most of them are naphtho-

quinones. Some of those most commonly available are the following:

CH3 �A. CH3

�1\�JJ. CH2CH=C(CH2CH2CH2CH)3CH3

o CIT3 CIT3 o
(1) (5)
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O 0

/ A. CIT3 . �)�CH3

CH2(CH=CCH2CH2)6CH=CCH3

�OH �3H2O
CH3 CIT3

0 SO3Na
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(1) Vitamin K1 (2-methyl-3-phytyl-1 ,4-naphth#{244}quinone). Fat-soluble, natural

vitamin; melting point, - 20#{176}C;1000 Thayer-Doisy units per mg.; route

of administration: orally, intramuscularly in oil, intravenously in emul-

sion.

(2) Vitamin K1 Oxide (2-methyl-3-phytyl-1 ,4-naphthoquinone-2 ,3 oxide). Fat-

soluble; route of administration: intravenously in emulsion.

(3) Vitamin K2 (2-methyl-3-difarnesyl-1 , 4-naphthoquinone). Fat-soluble, na-

tural vitamin; melting point, 53.5-54.5#{176}C; 600 Thayer-Doisy units per

mg.

(4) Phthiocol; Vitamin K1 (2-methyl-3-hydroxy-1 ,4-naphthoquinone). Slightly

water-soluble; sodium salt is water-soluble; melting point, 173-174#{176}C; 2
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Thayer-Doisy units per mg. ; route of administration : intravenously as

sodium salt.

(5) Menadione ; Vitamin K4 (2-methyl-i , 4-naphthoquinone). Fat-soluble;

slightly water-soluble ; 1050 Thayer-Doisy units per mg. ; route of admin-

istration : orally in oil, intramuscularly in oil, intravenously in emulsion.

(6) Synkamin ; Vitamin K5 (2-methyl-4-amino-1-naphthol hydrochloride). Wa-

ten-soluble ; 1000 Thayer-Doisy units per mg. ; route of administration:

orally, subcutaneously, mt ramuscularly, intravenously.

(7) �\Ienadione sodium bisulfite. Water-soluble ; route of administration : intra-

venously.

(8) Synkavite (2-methyl-i , 4-naphthohydroquinone diphosphonic acid ester).

Water-soluble ; route of administration : intravenously.

Further information on these compounds can be obtained from the reviews

of Brinkhous (78) and Almquist (13).

Dicumarol-Vitamin K antagonism. This controversial subject had its begin-

ning in an erroneous report by Quick (430) stating that vitamin K does not coun-

teract the effects of toxic sweet clover hay in rabbits (430). Link’s (303) work

soon indicated another conclusion and clinical as well as experimental reports

dealt with the questions of adequate dosage of the vitamin as compared with

the amount of dicumarol being given, sensitivity of the patient to dicumarol,

and the effectiveness of water-soluble forms of vitamin K as compared with

K1 or K1 oxide (70, 115, 126, 136, 241, 318, 438, 504). It does not seem necessary

to take up each of these studies individually for the main facts are cont.ained

in the most recent reports (62, 358, 506). Miller, Harvey and Finch (358) worked

with rats, dogs and man and made an attempt to overcome criticisms which

could be made of other reports. The water-soluble vitamin K preparations had

no antagonistic effect, under the conditions of their experiments. Vitamin K1

and K1 oxide were very effective in decreasing the prothrombin time. To this

Shapiro, Wiener and Simson (506) add the observation that a single large dose

of water-soluble vitamin K may be adequate to correct hypoprothrombinemia

in man when there are relatively low concentrations of dicumarol in the plasma

for a short duration of time. Overman, Sorensen and Wright (393) point out

that the conclusions of Miller, Harvey and Finch (358) tend to be misleading.

Under the conditions of their (358) experiments vitamin K and dicumarol were

administered simultaneously, a condition which should not occur in the clinical

use of dicumarol. Under clinical conditions Overman, Sorensen and Wright

(393) did find water-soluble vitamin K effective in counteracting excessively

prolonged prothrombin times due to dicumarol. Patients with persistently high

plasma concentration of dicumarol may require repeated large doses to bring

the prot.hrombin time to a safe level and control its excessive prolongation. Since

the water-soluble forms fail under certain conditions and are required in repeated

doses it can only be concluded that K1 and K1 oxide are comparatively more

effective. The word effective is used instead of superior because the solubility

characteristics of the fat-soluble preparations may make them more slowly
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disposed of than water-soluble forms and thus permit them to exhibit a more

sustained effect. They may not necessarily function better in the actual chemical

interactions. The massive doses of the vitamin required are stressed in most of

the papers.

In hypervitaminosis A the most characteristic lesions are skeletal fractures

and hemorrhages, the latter being predominant in adult animals. In rats over-

dosage of vitamin A is associated with a prolonged prothrombin time, and this

effect can be counteracted by the administration of vitamin K (2-methyl-3-

phytyl-1 ,4-naphthoquinone) (299). It. was also found possible to use water-

soluble forms of vitamin K for the same purpose (588).

Field and Link (173) have reviewed the question whether vitamin K can pro-

duce high prothrombin levels in the blood. Their own experiments with the dog,

rabbit and rat showed that a definite hyperprothrombinemia can be produced

and is readily detected with the use of the 12.5 per cent plasma method for

testing prothrombin time. In man large doses of K (menadione) produced similar

effects (577). Where the increase was demonstrable, it continued for brief periods

only, lasting 24 to 48 hours.

XV. SULFONAMIDES

When fed to rats given a synthetic ration, sulfaguanidine produces a hypo-

prothrombinemia as measured by the 12.5 per cent plasma method for testing

prothrombin time (57). This prothrombin deficiency can be corrected by feeding

p-aminobenzoic acid, liver extract or vitamin K. The observations are thought

to be explained adequately on t.he basis of bacterial synthesis of vitamin K in

the intestinal tract. The p-aminobenzoic acid and liver extract probably act by

nullifying the effect of sulfaguanidine, and the bacteria of the intestine then

flourish and produce vitamin K. Succinylsulfathiazole was fed in the same man-

ner and with the same results. In another study sulfathiazole, fed at a one per

cent level in the ration, also caused rats to develop a prothrombin deficiency

which could be corrected by vitamin K (71).

Some of the sulfonamides also have a direct effect on blood coagulation. With

purified prothrombin preparations certain sulfonamides inhibit while others ac-

celerate the autocatalytic activation of prothrombin in 25 per cent sodium cit.-

rate solution (484, 493).

XVI. ADRENOCORTICOTROPIC HORMONE

In a series of patients the whole blood clotting time was found to be shortened

as was also a hepanin-retarded coagulation time of venous blood (124). In further

detailed studies no changes of significance were found in the prothrombin time

or in the protamine titration tests. The authors consider the hypercoagulability

of the blood caused by ACTH or 1 1-dehydro-i7-hydroxycorticosterone (corti-

sone) of importance to the patient’s health. In another study (518) it was found

that the adrenal cortex seems to exert an effect on a number of constituents of

the clotting mechanism, and that the response is not the same from one patient

to another. From their work it is evident that further studies are required. These
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authors (518) also cite the work of Dougherty and Dougherty which showed

changes in the mast cells of experimental animals receiving 1 i-dehydro-17-

hydroxycorticosterone (cortisone) ; as discussed elsewhere in this review these

cells are concerned with hepanin metabolism.

XVII. ANESTHETICS AND RESPIRATORY GASES

That chloroform anesthesia produces injury to the liver of animals has been

known for a long time. Whipple and Hurwitz (604) were able to confirm a prior

observation and establish the fact that the fibninogen of plasma practically dis-

appears with the advance of the liver necrosis after chloroform intoxication.

The liver repair process is rapid and the blood fibrinogen values may return to

normal in approximately a week. In a further extension of this work by Smith,

Warner and Bninkhous (516) it was found that plasma prothrombin concentra-

tion also decreases after deep chloroform anesthesia. Furthermore, it was pos-

sible to show that prothrombin may disappear without a marked drop in fibrino-

gen levels, thus indicating that the liver is more susceptible to changes influencing

prothrombin production than to those affecting fibninogen production. Oxygen

given in excess with the chloroform does not minimize the drop in prothrombin

concentration (129). In man chloroform anesthesia also causes a fall in the pro-

thrombin le�’el. That these effects of chloroform are indeed on the liver and do

not operate by some other mechanism is substantiated by the work of Uvn#{228}s

(580). The occlusion of the arterial blood supply to the liver causes a rapid fall

in prothrombin concentration. The occlusion was performed either by ligating

the hepatic vessels in cats and rabbits or by making a modified Eck fistula in

cats. Partial hepatectomy in rats also causes the prothrombin concentration to

drop (593). Acute hepatic damage caused by chloroform intoxication also causes

plasma Ac-globulin concentration to decrease (546). Its concentration returns
to normal more rapidly than prothrombin. It is thus established that prothrom-

bin concentration decreases more readily than fibrinogen concentration and the

position of Ac-globulin with respect to these two still needs to be established.

Owren (400) finds that, in the course of development of a liver disease, the plasma

prothrombin level falls sooner and more severely than the factor V (Ac-globulin)

level.

Attention has been directed toward the question whether common anesthetic

agents cause sufficient liver injury to produce a postoperative fall in prothrom-

bin concentration. Apparently the changes which commonly gain the physician’s

attention can be ascribed to indirect effects in patients with obstructive jaundice

or biliary fistulas (129), for neither ether nor cyclopropane causes a drop in pro-

thrombin concentration. In all but one patient no prothrombin reduction ap-

peared with the following: diethyl ether, divinyl ether, ethylene-oxygen, nitrous

oxide-oxygen and tnibromoethanol, and procaine and nupercaine spinal anes-

thesia (8). In another study no changes in prothrombin were found with local

anesthesia; but with nitrous oxide plus ether there was a tendency for the pro-

thrombin index to drop and this became more marked on the fourth day after

operation. The figures were statistically significant (68).
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Another possibility is an increase in prothrombin concentration. Levy and

Conroy (294) made careful prothrombin time studies when the patients entered

the hospital, before ether anesthesia and during deep anesthesia. At this latter

time the presumptive test for prothrombin showed an increase in concentration.

‘This did not. occur with spinal anesthesia. Another observer records a slight

reduction in coagulat ion t ime of the whole blood (482) , and the same was found

by Searis who also found an increase in platelet count (481). Most of the evi-

dence seems to indicate hypercoagulability of the blood, but this is not a pro-

found change and there is no way of knowing from the present literature which

constituent(s) of the blood is responsible. Perhaps shifts in blood volume can

account for the differences. For example, it has been known for a long time that

post-hemorrhagic blood is hypercoagulable, a constant finding even if the adre-

nals or intestines are excluded in the experiments (201). Perhaps the dilution of

the hemorrhagic blood alters the balance between activators and inhibitors of

prothrombin so as to favor the activators. This possibility was beautifully dem-

onstrated by Tocantins (574) and such shifts could easily be the basis for the

effect of ether anesthesia. �\Iendenhall (346) also found that ether anesthesia

lowers the clotting time of whole blood and showed that the effect is mediated

wholly through the action upon the adrenal glands, because the effect was not

obtained after adrenalectomy.

It is stated that pentobarbital sodium lowers the clotting power of the blood

(294), and in another report that the clotting time is shortened (29). In experi-

ments with pigeons and cats (371) the coagulation time of the blood was short-

ened during the first few hours of barbital anesthesia, and returned to normal

between 20 and 48 hours. This change went parallel with the blood sugar values

and it is suggested that the adrenal glands are involved.

Pere (411) has reviewed the literature concerning the effect of the respiratory

gases 02 and CO2. Apparently a decrease in CO2 tension favors clotting and an

increase in CO2 tension has the opposite effect. In a special kind of “antithrombin

test” arterial blood was found to inactivate thrombin more readily than venous

blood; it is therefore reasoned that arterial blood clots less effectively (405)

than venous blood with its heavier charge of CO,. Pere’s own experiments on

venous stasis showed that clotting was first accelerated and then retarded. Quite

evidently these various experiments involve different mechanisms and it is not

possible to make a generalization about the effects of CO2 or 01. In asphyxia

experiments with dogs there were no significant differences in the clotting times

of blood specimens removed before, during and after periods of severe asphyxia

(422). Some additional experiments on this subject are recorded, but the re-

viewer has had access only to the abstracts (155, 371, 404, 479). Quastel and

Reeker (428) look at the problem from another viewpoint. An extract of the

muscle of a limb rendered anoxemic by application of a tourniquet brings about

the clotting of blood at a much more rapid rate than an extract of normal healthy

muscle. When rat tissue slices were allowed to incubate in the Warburg apparatus

under aerobic and anaerobic conditions the latter yielded the highest concentra-

tion of clot-accelerating material. This may be a factor in shock, but in any case
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it shdws that tissues undergo changes under anaerobic conditions which are

concerned with blood coagulation.

XVIII. EPINEPHRINE

In experimental studies of the sugar content and the extravascular coagula-

tion of the blood after administration of epinephrine, Vosburgh and ilichards

(584) found in every case that the time of coagulation is lessened. The dimuiiition

was equal in some cases to � of the control coagulation time. They suspected a

relationship between l)lood coagulation and the pancreas. In further pursuit of

this problem Cannon and Mendenhall (94) devised a graphic method for re-

cording the coagulation time of whole blood, thus placing more reliance on this

method as against ordinary test tube experiments. Epinephnine injected in

large doses intravenously and in large doses subcutaneously shortened the

coagulation time to � or � the control duration. When the blood was confined

anterior to the diaphragm or when the intestine or liver was removed epme-

phnine in small doses did not cause rapid clotting (93). It was suggested that

epinephrine accelerated the clotting process by stimulating the liver to greater

activity, by disturbing some factor or factors in coagulation. Stimulation of the

splanchnic nerves (95) resulted immediately or after a brief delay in shortening

the coagulation time of blood. The period of rapid clotting lasted from 10 to

30 minutes and the effects were less marked with repeated stimulation. The

removal of the adrenal gland on one side nullified the effect of splanchnic stimu-

lation on that side whereas stimulation on the other side was still effective. Stimu-

lating the nerves supplying the liver and intestine did not hasten clotting and it

was concluded that the adrenal gland is directly involved. In further work Cannon

and Mendenhall (96) concluded that emotional excitement is associated with

very rapid clotting of blood and that the blood clotting time is prolonged when

the splanchnic nerves are cut. They cite the fact that cats differ widely in their

responses to excitement in the laboratory. Some, especially young males, become

furious; others especially elderly females, take the experiment quite calmly.

This difference of attitude was used to test the effects of emotions on blood

clotting. Substantially the same ideas are expressed by Selye in discussing the

general adaptation syndrome and he cites further original experiments (500).

Link also found that epinephnine hastened the restoration of normal prothrombin

time when given to animals about to bleed from excessive doses of dicumarol

(303). The experimental demonstration of this fact involved care in getting the

animals adapted to laboratory surroundings. The work of Bradfield (200) ex-

plains the epinephnine effect as being due to an increase in the amount of pro-

thrombin in the circulating blood, but the data presented do not permit the

conclusion that prothromhin is the specific substance involved because methods

for the quantitative determination of prothrombin were not available at the

time his work was done. However, Uvn#{228}s(580) reports that there is an increase

in plasma prothrombin levels (prothrombin time) when cats are given intra-

venous injections of epinephnine and after electrical stimulation of the splanchnic

nerve. This could, of course, still involve factors other than prothrombin. In a

thorough study of the entire problem with the use of the prothrombin time
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method with diluted (12.5 per cent) plasma, Wakim, Fink and Chen (586) come

to the following conclusion : The effects of different doses of epinephnine ad-

ministered to dogs or rats intravenously, intramuscularly, and subcutaneously

justify the conclusions that the drug produces no significant change in the pro-

thrombin time of diluted plasma. In dogs made hypoprothrombinemic by

dicumarol the effects of epinephnine are variable and inconsistent and. therefore,

probably insignificant. The fact that this variability was encountered would tend

to support the general view that stress states are factors to be considered and

these were probably not ruled out in the experiments of Wakim, Fink and Chen.

At this point it perhaps needs to be recalled, as already mentioned above, that

the hypercoagulability of post-hemorrhagic blood is due to causes other than

those involving epinephrine.

de Takats devised a test of the clotting mechanism referred to as the hepanin

tolerance test . It is essentially a simple test wherein a small amount of hepanin

is injected intravenously and the coagulation times are then determined at ten-

minute intervals for about 40 minutes (550, 553). Epinephnine increases the

hepanin tolerance. In other w’ords, a hypercoagulable effect counteracts the

anticoagulant response to heparin (551). By using the same test i\Ioses (364)

found no significant or consistent change in five human subjects following the

administration of 1 mg. of epinephnine intravenously. Perhaps the fact that the

changes were inconsistent is of importance for reasons inferred above. The

statement is made by Moses (364) that epinephrine reportedly hastens coagula-

tion of blood but such reports have not been generally confirmed. The facts in

the literature are to the contrary.

There are papers which indicate that the effect of epinephnine is due to the

activity of certain of its oxidation products produced in the tissues. The chief

product is thought to be adrenochrome. The hemostatic effect of this substance

is currently being studied (30, 31, 141, 179, 180, 425, 457, 458, 519).

Another effect of epinephrine is concerned with fibninolysis (56). Epinephnine

was injected subcutaneously in human volunteers, blood samples were taken

within an hour, and fibrinolysis was allowed to proceed for 24 hours. In general

control samples did not lyse whereas the experimental samples lysed extensively.

In vitro, epinephnine did not lyse the blood, so that the effect must have been

mediated via physiological processes and these most likely involved the activator

of profibninolysin in the manner outlined in the introductory remarks to this

review. It is quite possible that the fibrinolysis associated with exercise, fear,

trauma and some pathological states results indirectly from the stimulation of

epinephrine secretion. Flowever, another possibility is that epinephnine is not to

be regarded as having a very specific role, for it has been found that parenteral

administration of procaine or even sodium chloride solution causes lysis of blood

samples (267).

XIX. ACETYLCHOLINE

de Takats (551) expresses the view that there can be no doubt that the adren-

ergic and cholinergic components of the autonomic nervous system exert an

effect on the clotting mechanism. Puharich and Goetzl (424), in a review of the
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literature, develop the same ideas and even point to the suggestion that a center

for the regulation of blood coagulation may exist in the diencephalon. It is

suggested (551) that parasympathomimetic drugs such as methacholine and neo-

stigmine tend to constrict the hepatic veins and prevent. a steady flow of pro-

thrombin from the liver, and in this way contribute to the hypocoagulability of

the blood. de Takats points out that other possibilities must be considered. It

seems to the reviewer that more data are required to determine which substances

and/or physiological mechanisms are involved. As an example of the complexity

of the situation the work of Soulier and Koupernik (528) shows that fibrinoly-

sis takes place regularly in blood withdrawn between the second and tenth

minute after acetylcholine-induced shock. This most likely involves the fibrinoly-

sin activation system.

XX. BLOOD COAGULATION COMPONENTS

The advances in our knowledge of blood coagulation have been made, in part,

as the result of methods devised for preparing some of the important components

in purified form. Heparin is an example, and has already been discussed from the

standpoint of its uses and pharmacological action. Some of the others are also

of importance and, therefore, need to be discussed.

Thrombin. The methods used for the industrial production of thrombin are

essentially the same as those employed in its production for research purposes

(21, 113, 114, 369, 483, 489, 491, 492, 494, 495, 543). A unit of thrombin is that

amount which will cause one cc. of standardized fibrinogen solution to clot in

15 seconds. Standards are maintained in the United States by the National

Institutes of Health, and the World Health Organization anticipates the use of

this standard.

Following the introduction of thrombin as a hemostatic agent (496, 597)

its extensive use (50, 90, 106, 110, 123, 127, 128, 131, 159, 184-187, 213, 238,

298, 300, 301, 409, 417, 427, 440, 443, 445, 454, 538, 559, 566, 567, 601, 625,

626) required further knowledge concerning its pharmacological properties.

It has been found, as one would expect, that the intravenous injection of throm-

bin causes deposition of fibnin and the many dangerous consequences of such

deposition. Apparently the intravenous injection of minute amounts of thrombin

causes an increase in the defensive mechanisms of the organism (191) and may

shorten the bleeding time (555). This is obviously a dangerous way in which to

shorten the bleeding time. Typical responses to the injection of strong thrombin

solutions are those reported by Astrup and Volkert (25). Rapid injection into

the femoral vein causes most of the animals to die in one to two minutes in con-

vulsions. The animals may survive for a matter of minutes and develop a large

embolus in the pulmonary artery. When larger doses are injected intramuscularly

or subcutaneously there is no gross response and the animals survive without

any apparent serious consequences. The same has been observed in rats (597).

In rabbit experiments (25) no response was seen to intrapenitoneal injections

but massive doses in rats (597) seemed to cause extreme discomfort, inasmuch as

the animals rolled and tossed about. On examination of the blood it was found to
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be partially and in some instances completely defibninated. Apparently there is

absorption of thrombin from the peritoneal cavity when such tremendous

quantities are given. This has also been observed by Zucker (63). Injection into

such vital organs as the liver may cause sudden death (491). There is a drop in

blood pressure when thrombin is given intravenously; this is due to its clotting

power, for the effect can be abolished by preliminary hepaninization (549).

Under proper conditions and with a certain amount of luck it is possible to

administer thrombin intravenously and completely defibninate the animal (265,

382). Jurgens and Studer (265) completely defibrinated many animals in this

manner. They then identified fibnin in the lung, the kidney and the liver. They

also found that these fibrin deposits do not remain there very long after the

thrombin infusion. Some mechanism for their removal must therefore exist.

When the animal is completely defibrinated there is danger of bleeding. It is

interesting that a massive dose of thrombin causes changes in the vascular tree

which actually favors bleeding. It seems as though thrombin alters the capillary

permeability. The above authors also record a tremendous drop in the leucocyte

count after thrombin infusion. The active thrombin is neutralized in due course

by the normal antithrombin of the plasma. The return of the fibninogen concen-

tration to normal values takes place over a short period of about three to four

hours.

The practical use of thrombin is confined to topical application to bleeding

surfaces and the above untoward pharmacological effects are avoided entirely.

However, thrombin is a protein and its use, when it is prepared from bovine

material, has raised the question whether antigenic properties are of importance.

There is no difficulty in demonstrating the antigenicity of thrombin preparations

when the appropriate procedures are employed to elicit an antigen-antibody

reaction (135). In contrast, the proper medical use of bovine thrombin has in

no instance produced an antigenic reaction. In a direct consideration of this

question Light (298) used bovine thrombin surgically to control hemostasis

during brain operations in monkeys. They did not develop either serum pre-

cipitins or any local tissue reaction in the brain (Arthus phenomenon). In 15

patients precipitin tests, done from 10 to 94 days following the neurosurgical

use of bovine thrombin as a hemostatic agent, yielded no positive reactions.

On the basis of extensive clinical experience Tidnick (105) has also found no

undesirable results from the use of thrombin. None of his patients has shown

any evidence of absorption of thrombin or of local thrombosis of vessels (567).

Even with the use of fibrin-thrombin films in skin transplants (566) there were

no reactions observed; moreover, in this work bovine fibrino.qen was used suc-

cessfully as a source of fibninogen for the surface of the transplants.

Prothrombin. The use of prothromhin in experimental work has not been

ext.ensive nor has the substance been introduced for practical use. The possibility

of restoring prothrombin deficiencies is self-evident but so far it has not been

possible to furnish the material in the required quantities. In dogs the hypo-

prothrombinemia produced by dicumarol could be corrected by the intravenous

administration of a �prothrombin preparation (343). The normal prothrombin
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levels of the blood produced by intravenous injection are of short duration.

After about 24-48 hours the prothrombin values are again found to be very low,

which is in accordance with the general finding that prothrombin disappears

from the blood rather rapidly when the stores are not replenished by a normally

functioning liver. The experiment of Mc(inty, Seegers, Pfeiffer and Loew (343)

has recently been confirmed in all respects (536).

Streplokinase-streptodornase. The bacterial product, streptokinase, is capable

of activating profibninolysin and has been prepared (105) in combination with

streptococcal desoxynibonuclease (strept odornase) . In clinical studies (509 , 569)
intrapleural injections of these substances caused intrapleural fibninolytic and

proteolytic changes, the effects of which were self-limiting after each injection.

Toxic manifestations from the injections were limited to transient fehnile re-

actions with general malaise and a local outpouring of leucocytes which lasted

for a few days. The use of these substances by Tillett and Sherry (569) has in-

dicated the importance of streptokinase and streptodornase in influencing the

course of certain exudative disease.

Thromboplastin. (a) General remarks. Crude preparations from organs of dif-

ferent species can be prepared easily and some are available commercially as

laboratory reagents. Partial purification can be accomplished by taking advan-

tage not only of the usual precipitation methods but also of the high molecular

weight which permits differential sedimentation of thromboplastin by high

speed centnifugation (103). The thromboplastin which can thus be obtained is

not to be confused with other accelerators of coagulation, such as platelet factors

(485). rllopical application of thromboplastin has been suggested for local hemo-

stasis (118). For this purpose it is wholly dependent for its action upon the

available prothrombin of the blood. The value of its subcutaneous or intramus-

cular administration in traumatic or other hemorrhagic conditions (579) is

debatable. The suggestion that thromboplastin be given intravasculanly for the

treatment of hemophilia, anaphylactic shock or other types of shock (118) can

only be regarded with skepticism; this route of administration would appear to

be most hazardous according to our present knowledge.

Purely pharmacological studies of intravascular coagulation by injection of

“tissue fibrinogen” (tissue extracts) were reported by Wooldnidge in 1886 (616);

these were extended in the studies of Mellanby (345) who, however, used snake

venoms instead of thromboplastin. }Ianzlik and Karsner (209) injected lung

extract thromboplastin as one of various agents during a study of intravenous

therapy in relation to anaphylactoid phenomena. They were not interested in

differences between the effects of the intravascular injection of lung extract and

those of “the otherwise inert.” agents: agar, kaolin, India ink, ricin, or intra-

venous medications, all of which caused severe reactions in their animals, in-

cluding death and/or acute pulmonary changes, among which were penibronchial

edema, embolism and thrombosis (209).

(h) Experimental pathology and relationship to pregnancy. The remaining phar-

macological studies have been the by-product of experimental pathology. Several

of these have been in relation to toxemia of pregnancy (145, 146, 462, 466-477),
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one was incidental to virus studies (560, 561) and one was in relation to cere-

brovascular accidents (22 1 , 608) . The toxemia investigations have several times

led to the conclusion that the placental “toxin” under consideration was throm-

boplastin and that its action was that of intravascular coagulation. This was also

concluded by the earlier German workers (146, 466, 582) who recognized thrombi

in the liver and in other organs. The Japanese workers likewise found that the

placental “toxin” of Obata (388) was a tissue kinase of coagulation which resulted

in pulmonary and other thrombi and could be promptly lethal. Meanwhile

Dieckmann (145) had carried out investigations on the experimental production

of liver necrosis, in which he was influenced by the concept of Mills (359) that

the tissue factor of coagulation was a “tissue fibninogen” in the sense of a kind of

plasma fibrinogen. More recently, in a series of experiments, Schneider (467-

477) concluded that the potent agent of extracts from the placenta and from the

decidua is thromboplastin in the modern sense of that term. Intravenous in-

jection resulted in vascular occlusions which had a predilection for the lesser

circulation (473-476, 486, 490). These occlusions had a characteristic fibnin

structure (473-476, 486, 490) which suggested that they had been built up by a

process of “fibrin embolism” (475).

Mice (470) and rabbits (473) are two to three times more sensitive during late

pregnancy than normal animals. Pregnant dogs are also more sensitive as shown

by the fact that a dose of tissue extract which is not lethal for non-pregnant dogs

is promptly lethal late in pregnancy (608).

(c) Effect on circvlation. In experimental animals, the markedly effective route

of administration is intravascular because this permits activation of the blood

coagulation mechanism. The result may be prompt death caused by vascular

occlusion. Sublethal doses cause a variety of pathological disorders consequent

upon intravascular coagulation and these can be varied to some degree by the

manner of injection. Whether physiologic disorders of a more elusive nature

result from administration by other routes apparently remains to be determined,

although some qualitative comparisons have been made (210, 471). The greater

portion of the circulating blood becomes solid only if the intravenous dose is

enormous. Intravascular injection of large doses may also cause severe reactions

without death, but then the blood will no longer clot. This is because the fibnin-

ogen is almost quantitatively deposited from the circulation (188). As a result the

animals are temporarily refractory to further injection of the tissue extract

(188, 345, 467). If the fibninogen is restored artificially to the blood in vitro

(345) or in vivo (188) the sensitivity to further additions of thromboplastin is

restored. If a large dose of thromboplastin is given slowly or if repeated small

doses are given, it is possible to render the animal completely refractory to

further injection of even massive doses (188, 467, 471). If the animal is permitted

to restore its own fibninogen, nearly full sensitivity returns within one day or

slightly longer (467), and it is probable that the fibrinogen restoration is ac-

complished in the same time (475) or even in less time.

If the injection is a lethal one, death in coma or convulsions may occur in a

very few minutes. If essentially complete defibnination is brought about, this in
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itself does not result in hemorrhage, nor may there be outwardly visible evidence

of the profound disorder of the coagulation mechanism. However, if bleeding is

initiated by trauma or by surgery, fatal hemorrhage may ensue because of failure

of the hemostatic mechanism (474, 475, 486, 490).

Among the secondary complications, death occasionally occurs after a delay.

Rarely, violent premonitory convulsions have been observed in mice within a

few minutes or hours (471), presumably as a result of an embolus to a vital area.

In dogs, “thrombosis” of the portal circulation has been observed to cause de-

layed death (471, 608). After repeated injections, neurologic signs and even

eventual death may result from massive hemorrhage in vital cerebral areas

(608). These effects seem to be rare following single injections and it is to be

wondered (476) whether they may be due to a combined effect of focal necrosis

from an earlier injection (221) and the stress of one or more later injections

(608).

Because of the tendency for immediate fibnin deposition within the lesser

arterial circulation following injection of thromboplastin, there may be a re-

sultant tendency for the development of an acute con pulmonale (476). However,

judging from the rarity of delayed deaths, it is unlikely that death is often caused

in this manner by a single injection, without an underlying pathologic process in

addition. Possibily as a result of fibrin deposition, parenchymal lesions may de-

velop in various organs of surviving animals. An example is liver necrosis which

in the mouse is focal in distribution (469) and in the rabbit it is midzonal (473).

Degenerative kidney lesions (478) may Le a result of fibnin deposition or perhaps

they result secondarily from the hemolysis which occurs with extensive intra-

vascular coagulation.

The prompt death that is so readily caused by injection of thromboplastin is

probably due to peripheral circulatory failure (472). In-vivo microscopic ob-

servations (472, 561) show that the circulation ceases although the respiration

and the heart beat continues for a short time. This cessation of blood flow also

occurs with the sublethal reactions, but in these cases the pulsating circulation

is soon reestablished. Microscopic, in-vivo observations (472, 561) may reveal a

momentary shower of arteniolar emboli before the blood flow stops in the periph-

eral vasculature. It is possible that the chief site of occlusion is within the

lesser circulation, for it is there that fibnin occlusions are found to be widely

disseminated upon microscopic examination of the tissue sections. In fact, one

group of investigators finds that “thrombi” within the central nervous system

are rare, although minute penivascular hemorrhages therein are frequent (608).

Hence, the evidence points toward occlusion of the lesser circulation as the cause

of death. This view is supported in another way; in the organs of animals recently

dead of thromboplastin injection, there is splanchnic pooling of the blood, in-

cluding massive engorgement of the liven with distention of its capsl.Ile (469,

476). Furthermore, the occlusion of the lesser circulation appears to be aggra-

vated by constriction of the pulmonary artery (279). This combined evidence

points to the possibility that the minute hemorrhages and necrosis in the central

nervous system of survivors (221, 608) may be as much on the basis of anoxia
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from temporary circulatory failure as on the basis of direct local obstruction by

fibrin deposition. Similarly, an apparent failure of cardiac and respiratory centers

may be secondarily due to anoxia caused by occlusion of the lesser circulation.

(d) Nature of fibrin depovits. The fibnin deposits are chiefly intrartenial, are

widely disseminated, especially in the lung (473, 474), and are of a characteristic

type (473, 474, 486, 490) which suggests the mechanism of their deposition as one

of “fibnin embolism” (475). The term fibrin embolism means that the deposits

are built up by oriented deposits of myniads of fibnin elements from the pulsating

circulation (475) . These vascular plugs are not mere blood clots such as occur in

a test tube. The best display occurs when large doses of thromboplastin are given;

the fibnin plugs are massive and dense although still essentially microscopic.

They appear as cords of fibnin occluding the pulmonary arteries of all sizes

(473-477, 486, 490). The fibrin elements of such occlusions are oriented parallel

to the axis of the vessels, and are densely arranged. This is best seen in longitu-

dinal section. There are few erythrocytes, and these are trapped in columns with-

in the fibnin matrix. There are relatively many leucocytes. These give a clue as

to the manner of deposition of the fibrin, for some of their nuclei are stretched in

the same axis as the fibrin, as though deposited within fibrin masses under

tension; this distortion is sometimes so extreme that a single nucleus may extend

as a beaded filament beyond the limits of an entire high power field of the

microscope. In cross sections, many of these fibnin occlusions have a minute

central core of clotted blood, and from this it may be wondered whether, during

the process of deposition of the fibrin from the moving stream, the cross-sectional

area of flow ultimately became so small and the flow so retarded that coagulation

of the remaining central core occurred without differential deposition of fibrin

(476).

When large but less concentrated doses of thromboplastin are injected, the

fibrin occlusions may be less dense. At the opposite end of the scale, if the dose is

small, there may still be fibrin deposition; the deposit is then more loosely ar-

ranged and less well oriented, but has within it such an unusually large number
of leucocytes as to give the appearance of a white cell thrombus (476). The

above results follow upon single injections. In contrast to the characteristic
fibrin deposit, another type of deposit has been reported, and demonstrated with

excellent color photography (608), It is laminated, and the laminations are of

different ages, corresponding probably to the different times of the repeated

thromboplastin injections.

Fibrinogen. This protein becomes the fibrin clot iii the blood coagulation

process. It has been made available by the methods of plasma protein separation

of Cohn and associates (112). The preparation contains the protein in con-

centrated, dry form and is thus stable for long periods. Its usefulness in human

cases of afibrinogenemia has been reported (363, 599, 600). A person of average

body weight can be expected to have about seven to ten grams of fibrinogen in

the circulation. If this is completely depleted the hemostatic mechanism can be

restored by returning the fibrinogen art#{227}ficially. It is, however, not necessary

to have complete restoration. In one instance three grams of fibrinogen and 3000
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cc. of blood were administered effectively (600) . Two to six grams are recom-

mended by Weiner, Reid and Roby (599). It is of interest that afibninogenemia

is of concern in obstetrical practice (134, 363, 402, 475, 599, 600) ; apparently

placenta abruptio or partial placenta abruptio may first cause intravascular

coagulation (475) and, when this is sufficiently extensive, the fibninogen of the

plasma may be completely depleted.

XXI. SUMMARY

The evaluation of the pharmacological actions of drugs on blood coagulation

requires a fundamental knowledge of the blood clotting mechanism and the use

of analytical technics whose limitations are realized. Many of the data from the

papers considered in this review were obtained before much of our current

fundamental information was available and before the technics which can be

employed today had been devised. As a consequence, a number of these papers

are devoid of definitive merit. Therefore, an attempt was made to interpret the

vast amount of conflicting data in terms of modern concepts, and to indicate the

need and the possibilities for further studies of the influence of drugs on blood

coagulation and related phenomena.

3, 3’-Methylenebis (4-hydroxycoumanin) on dicumarol decreases the prothrom-

bin concentration of plasma. Its action is probably in the liver, and it may be

that the drug itself rather than one of its metabolic derivatives causes the effect.

Dicumarol produces a transitory drop in plasma Ac-globulin concentration, and

probably affects the plasma concentration of one on more of the new blood

coagulation factors which have recently been discovered. Dicumarol is secreted

in milk but perhaps not in sufficient quantity to be of therapeutic significance.

There is no liver damage caused by the drug. In this respect, and apparently in

all other respects also, the metabolic action is completely reversible. Massive

doses of vitamin K can greatly accelerate recovery from the effects of dicumarol.

This generalization includes the action of both the water-soluble and the fat-

soluble forms of the vitamin. The intravenous administrat.ion of purified pro-

thrombin restores the prothrombin concentration of the blood to the normal

level.

Several compounds related to dicumarol produce essentially the same quali-

tative effects as produced by dicumarol itself. Quantitative differences are,

however, found. These pertain to the rapidity with which the prothrombin

concentration falls when the compound is administered and the rapidity with

which the prothrombin concentration returns to normal when the compound is

withdrawn. Species differences in response to compounds related to dicumarol

have been described; for example, rats are especially sensitive to wanfanin and,

therefore, it is a valuable rodenticide.

In large quantities the salicylates may produce a hypopnothrombinemia,

and this effect is quite readily prevented or reversed by vitamin K. The methyl-

xanthines, given in relatively large doses, cause the blood to be hypercoagulable.

One of the contributing factors in this effect is an increase in plasma Ac-globulin

concentration.
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The antibiotics penicillin, streptomycin, and aureomycin have been reported

to produce hypencoagulable blood. The validity of this conclusion must be

questioned, since there is no satisfactory knowledge about their action on blood

coagulation.

When injected intravenously, protamine rapidly neutralizes the effect of in-

jected hepanin. The protamine itself disappears from the blood within a few

hours. In vitro, protamine precipitates fibninogen and profibninolysin. In contrast

to protamine the antihepanin effect of toluidine blue develops slowly but can still

be detected 24 hours after an initial injection.

The bulk of evidence indicates that the cardiac glycosides produce hyper-

coagulable blood. This might be due to an increase in plasma Ac-globulin concen-

tration. It has been stated that alpha tocopherol, by its action on plasma anti-

thrombin, lowers the incidence of ‘thrombosis. The validity of this claim rests

largely upon clinical observations. Laboratory data do not supply an adequate

theoretical basis to support the claim made for the effect of alpha tocopherol.

Hepanin produces its anticoagulant action in vivo immediately. It has a two-

fold effect on the blood clotting mechanism. It blocks the activation of prothrom-

bin and probably interferes with the action of thrombin on fibninogen. Its dur-

ation of action, as measured by clotting effects, is limited to several hours.

However, respository forms of hepanin greatly prolong the action. The chief

difficulty with synthetic hepanin-like compounds has been their toxicity; how-

ever, a polysulfunic acid ester of polyanhydromanuronic acid has qualified for

clinical trial.

There are certain nutritional factors which influence the coagulability of the

blood, independently of vitamin K action. The sulfonamides, however, produce

their effect by eliminating the intestinal bacteria which produce vitamin K.

From the available literature it is not possible to reach a conclusion concerning

the effect of the adnenocorticotropic hormone. Probably hypercoagulability is

one of its most important side effects. With the exception of chloroform, the

anesthetics and respiratory gases do not produce profound effects. Deep chloroform

anesthesia causes a decrease in the prothnombin, Ac-globulin and fibninogen

concentrations of the blood. This is the result of liver damage.

Under appropriate conditions epinephnine produces hypercoagulability of

the blood. Acetylcholine, on the other hand, probably has the opposite effect

and can apparently alter the blood so that fibninolysis occurs in blood taken from

the veins after acetylcholine-induced shock.

Some of the blood coagulation components have been prepared in concentrated

form and their pharmacological effects have been studied in some detail, though

not adequately as yet. Among these are thrombin, prothrombin, streptokinase-

streptodornase, and thromboplastin.

REFERENCES

1. ADDICKS, K.: Versuche #{252}berdie Blutgerinnung bei oral verbreichtem Euphyllin. Deutaches Arch. f. kim. Med.,

140: 117-121, 1922.
Ia. ADAMSON, D. L., WEAVER, R. T. AND JAIMET, C. H.: A new view on the use of dicuniarol in the pregnant pa-

tient. Canad. M. A. J., 61: 6-10, 1949.

2. AGGELER, P. M. AND LtCIA, S. P.: Hemorrhagic disorders. The University of Chicago Press, 1949.



328 WALTER H. SEEGERS

3. ALEXANDER, B., GOLDSTEIN, R. AND LA.NDWERR, G. : The prothrombin conversion accelerator of serum
(spca) : Its partial purification and its properties compared with serum Ac-globulin. J. Clin. Investigation,

29: 881-895, 1950.

4. ALLEN, E. V. AND BARKER, N. W. : A conjecture concerning benefits to man of artificially impaired coagulation

of the blood. Proc. Staff Meet., Mayo Clin., 18: 107-108, 1943.

5. ALLEN, E. V., BARKER, N. W. AND WAUGH, J. M.: A preparation from spoiled sweet clover; (3,3’-methylene-
bis-(4-hydroxycoumarin) ) which prolongs coagulation and prothrombin time of the blood; a clinical study.

J. Am. M. A., 120: 1009-1015, 1942.

6. ALLEN, E. V., HINES, E. A., JR., KYALE, W. F. AND BARKER, N. W.: Theuseofdicumarol asan anticoagulant:
Experience in 2,307 cases. Ann. mt. Med., 27: 371-381, 1947.

6a. ALLEN, J. G. : Personal communication.

6b. ALLEN, J. G.: PrOgress report. Abnormal bleeding. Argonne National Laboratory, Chicago, Ill., March, 1950.

7. ALLEN, J. 0. AND JACOBSON, L. 0.: Hyperheparinemia: Cause of the hemorrhagic syndrome associated with
total body exposure to ionizing radiation. science, 105: 388, 1947.

8. ALLEN, J. G. AND LIVINOSTONE, H. : Postoperative hypoprothrombinemia and anesthesia. Current Researches

in Anesthesia & Analgesia, 20: 298-299, 1941.
9. ALLEN, J. G., BOGARDUS, G., JACOBSON, L. 0. AND SPURR, C. L. : Some observations on bleeding tendency in

thrombocytopenic purpura. Ann. Int. Med., 27: 382-395, 1947.

10. ALLEN, J. G., GROSSMAN, B. J., ELOHAMMER, R. M., MOtTLDER, P. V., MCKEEN, C. L., JACOBSON, L. 0., PIERCE,

M., SMITH, T. R. AND CROSBIE, J. M. : Abnormal bleeding: Response to treatment with toluidine blue and

protamine sulfate. J. Am. M. A., 139: 1251-1254, 1949.
11. ALLEN, J. G., MOULDER, P. V., ELOHAMMER, R. M., GROSSMAN, B. J., MCKEEN, C. L., SANDERSON, M., EGNER,

w. AND CROSBIE, J. A. : A protamine titration as an indication of a clotting defect in certain hemorrhagic states.

J. Lab. & Olin. Med., 34: 473-476, 1949.
12. ALLEN, J. G., SANDERSON, M., MILHAM, M., KIRSCHON, A. AND JACOBSON, L. 0. : Heparinemia (?) An anti-

coagulant in the blood of dogs with hemorrhagic tendency after total body exposure to roentgen rays. J. Exper.

Med., 87: 71-86, 1948.

13. ALUQUIST, H. J.: Vitamin K. Physiol. Rev., 21: 194-216, 1941.

14. ANDREENKO, G. V.: Influence of dicoumarin on prothrombin and thrombotropin concentration in the blood.
Doklady Akad. Nauk. U. 5. 5. R., 61: 1117-1120, 1948.

15. ASHWORTH, C. T. AND MCKEMIE, J. F.: Hemorrhagic complications with death probably from salicylate therapy:
Report of 2 cases. J. Am. M. A., 126: 806-810, 1944.

16. ASEEY, J. M. AND NEURATH, 0.: Is digitalis indicated in myocardial infarction? J. Am. M. A., 14: 1016-1018,
1945.

17. ASTRUP, T.: Heparin and the inhibition of blood clotting. Science, 90: 36, 1939.
18. Asraw’, T.: Biochemistry of blood coagulation. Acts physiol. Scandinav., Suppl. No. 21, 1944.

19. ASTRUP, T.: Blood clotting and related processes. Advances in Enzymology, 10: 1-49, 1950.

20. ASTRUP, T. AND DARLING, 5.: Antithrombin und Heparin. Naturwissenschaften, 2�: 300, 1941.
21. A5TRUP, T. AND DARLING, 5.: Preparation and purificaton of thrombin. Acta physiol. Scandinav., 2: 21-40,

1941.

22. ASTRtTP, T. AND GALSMAR, I.: On the anticoagulant activity of heparin and synthetic polysaccharide sulfuric

acids. Acts physiol. Scandinav., 8: 361-364, 1944.
23. ASTRUP, T AND PIPER, J.: Cellulose sulfuric acids as anticoagulants. Acta physiol 5candinav., 9: 351-356, 1945.

24. ASTRIJP T. AND PIPER, J.: Interaction between fibrinogen and polysaceharide polysulfuric acids. Acta physiol.
Scandinav., 11: 211-220, 1946.

25. ASTRUP, T. AND VOLKERT, M.: On the action of thrombin and thrombokinase in vivo. Acta med. Scandinav.,
115: 393-400, 1943.

26. ASTRUP, T., GALSMAR, I. AND VOLKERT, M.: Polysaccharide sulfuric acids as anticoagulants. Acta physiol. Scan-

dinav., 8: 215-226, 1944.

27. AXELROD, J., COOPER, J. R. AND BRODIE, B. B.: Estimation of dicumarol, 3,3’-methylenebis (4-hydroxycouma-

rin) in biological fluids. Proc. Soc. Exper. Biol. & Med., 70: 693-695, 1949.

28. AXTRUP, 5.: Hypoprothrombinemia in penicillin treatment of acute infections in infants. Acta paediat., 35:

351-354, 1948.
29. AYKUT, R.: The effect of pentobarbital sodium on blood clotting time. Bull. faculte med. Istanbul, 11: 121-128,

1948.

30. BACQ, z. M.: La semicarbazone de l’adrenochrome. Compt. rend. Soc. de biol., 141: 536-537, 1947.

31. BACQ, Z. M.: The metabolism of adrenaline. Pharmacol. Rev., 1: 1-26, 1949.

32 BALKIN, 5. 5. AND GOOTNICK, A.: The effects of dicumarol on the electrocardiogram. J. Lab. & Clin. Med., 33:
972-974, 1948.

33. BARCLAY, W. R.: The intravenous administration of p-aminosalicylic acid. Am. Rev. Tuberc., 60: 385-386, 1949.

34. BARKER, N. W., ALLEN, E. V. AND WAUGH, J. M.: The use of dicumarol (3,3’ methylenebis (4-hydroxy-
coumarin) ) in the prevention of postoperative thrombopiilebitis and pulmonaryembolism. Proc. Staff Meet.,
Mayo Olin., 18: 102-107, 1943.

35. BARKER, N. W., CROMER, H. E., HURN, M. AND WAUGH, J. M.: The use of dicumarol in the prevention of post-
operative thrombosis and embolism with special reference to dosage and safe administration. Surgery, 17�

207-217, 1945. 5

36. BaRNES, A. C. AND ERWIN, H. K.: The effect of the anticoagulants on postpartum bleeding. Surg., Gynec. &
Obst., 83: 528-530, 1946.



INFLUENCE OF CERTAIN DRUGS ON BLOOD COAGULATION 329

37. BARSOE, 0. C. AND 5Ei.so, S.: On the anticoagulant action of synthetic polysaccharide polysulphuric acids

Acts pharmacol. et toxicol., 2: 367-370, 1946.

38. BARTHOLOMEW, L. G. AND BARKER, N. W. : Personal communication.

39. BASERGA, A. AND DE NICOLA, P.: La malattie emorragiche. Societe Editrice Libraria, 1950.

40. BATTLE, W. D., C�u.se, R. T., ORTH, 0. 5. AND MEYER, 0. 0. : The effects of 4-hydroxycoumarin anticoagulant
No. 63 upon the prothrombin time in doge and human beings. J. Lab. & Olin. Med., 35: 8-15, 1950.

41. BAUER, G., BOSTR6M, H., JORPES, E. AND KALLNER, 5.: Intramuscular administration of heparin. Acts med.

Scandinav., 136: 188-198, 1950.
42. BAUMANN, C. A., FIELD, J. B., OVERMAN, R. 5. AND LINE, K. P. : 5tudies on the hemorrhagic sweet clover disease.

X. Induced vitamin C excretion in the rat and its effect on the hypoprothrombinemia caused by 3, 3’-methylene-
bis-(4-hydroxycoumarin). J. Biol. Chem., 146: 7-14, 1942.

43. BAYERLE, H. AND MARX, R. : Coumarin derivatives as antithrombin agents. Biochem. Ztsehr., 319: 18-46, 1948.

44. BAYERLE, H. AND MARX, R.: Coumarin derivatives as antithrofnbins. II. Biochem. Ztschr., 319: 397-406, 1949.

45. BEATTIE, E. J., CUTLER, E. C., FAUTEUX, M., KINNEY, T. D. AND LEVINE, H. D.: The use of dicumarol in cx-

perimental coronary occlusion. I. The ineffectiveness of dicumarol when ligation is the method of occlusion.
Am. Heart J., 35: 94-105, 1948.

46. DE BEER, E. J. : The use of Russell viper venom as a means of following the anticoagulant action of 3, 3’-methyl-

enebis (4-hydroxycoumarin) in the dog. J. Lab. & Olin. Med., 32: 90-93, 1947.

47. BENDIX, R. M. AND NECHELES, H.: Wound healing and heparin, using heparin deposits. Surgery, 26: 799-805,

1949.

48. BEROSTR8M, 5.: Naturwissenshaften, 23: 706, 1935 (Quoted by Jorpes (257)).

49. BERGSTRoM, 5. : Uber Polysaccharidesterschwefels�uren mit Heparinwirkung. Ztschr. Physiol. Chem., 238:

163-168, 1936.
50. BERING, E. A., Ja.: Clinical uses of products made from human fibrinogen and thrombin. Bull. U. 5. Army

Med. Dept., No. 78: 53-56, 1944.

51. B,sr, C. H.: Heparin and thrombosis. Brit. M. J., 2: 977-981, 1938.

52. BEST, C. H.: Heparin and thrombosis. Harvey Lect., Bull. New York Aced. Med., 17: 796-817, 1941.

53. BEST, C. H. AND JAQUES, L. B.: Heparin in blood clotting and thrombosis. Ann. New York Acad. Sc., 49: 501-

517, 1948.

54. Bzsr, C. H.,�COWAN, C. AND MACLEAN, D. L.: Heparin and the formation of white thrombi. J. Physiol., 92:

20-31, 1938.

55. BICKEL, G. AND DELLA SANTA, R.: Un nouvel anticoagulant de synthese: l’ester ethylique de l’acide dioxy-
coumarinyl-acetique ou Tromexan. Revue Medicale de la Suisse Romande, 69: 548-560, 1949.

56. BIGOS, R., MACFARLANE, R. G. AND Pn.uNo, J.: Observations on fibrinolysis: Experimental activity produced

by exercise or adrenaline. Lancet, 1: 402-405, 1947.

57. BLACK, S., OVERMAN, R. 5., ELVEHJEM, C. A. AND LINK, K. P.: The effect of sulfaguanidine on rat growth and
plasma prothrombin. J. Biol. Chem., 145: 137-143, 1942.

58. BLAUSTEIN, A.: A new prothrombopenic agent. Canad. M. A. J., 62: 470-472, 1950.

59. BLAUSTEIN, A., CROCE, J. J., ALBERIAN, M. AND RICHEr, N.: Preliminary report on the clinical use of a new
anticoagulant, phenylindandione. Circulation, 1: 1195-1204, 1950.

60. Blood clotting and allied problems. Transactions of the First Conference, Josiah Macy Jr. Foundation, New York,
1948.

61. Blood clotting and allied problems. Transactions of the Second Conference, Josiah Macy Jr. Foundation, New
York, 1949.

62. Blood clotting and allied problems. Transactions of the Third Conference, Josiah Macy Jr. Foundation, New
York, 1950.

63. Blood clotting and allied problems. Transactions of the Fourth Conference, Josiah Macy Jr. Foundation, New

York, 1951.

64. BLOOD, D. W. AND PATTERSON, M. C.: Effect of aminophyllin on the coagulation of human blood. Proc. Soc.
Exper. Biol. & Med., 69: 130-133, 1948.

65. BLUMGART, H. L., FREEDBERG, A. 5., zOLL, P. M., LEWIS, H. D. AND WESSLER, S.: Effect of Dicumarol on

the heart in experimental acute coronary occlusion. Tr. A. Am. Physicians, 60: 227-231, 1947.

66. BOLLMAN, J. L.: Failure of Dicumarol and heparin to modify experimental renal infarction. Proc. Staff Meet.,

Mayo Olin., 19: 248-250, 1944.
67. BOLLMAN, J. L. AND PRESTON, F. W.: The effects of experimental administration of dicoumarin. J. Am.

M. A., 120: 1021-1025, 1942.

68. BORGSTR#{246}M, S.: Prothrombin index after operation. Acta chir. Scandinav., 89: 68-74, 1943.

69. BOSE, A. N.: Ann. Biochem. Exper. Med., (India) 5: 105, 1945. (Quoted by Munro and Lupton (370)).
70. BOYD, E. J. AND WARNER, E. D.: Effect of vitamin K on Dicumarol-induced hypoprothrombinemia in rats.

J. Lab. & Olin. Med., 33: 1431-1437, 1948.

71. DE M. BRAGANCA, B. AND RADHAKRISHNA RAO, M. V.: Hypoprothrombinemia produced by sulfathiazole in
rats on a diet free of vitamin K and cured by synthetic vitamin K. Indian J. M. Research, 35: 15-21, 1947.

72. BRAMBEL, C. E.: Thromboplastin reagent. Development of a more suitable preparation for measuring accelerated
clotting tendency and for use following administration of dicoumarin (3,3’-methylenebis 4-hydroxycoumarin).
Arch. Surg., 50: 137-147, 1945.

73. BRAMBEL, C. E. AND HUNTER, R. E.: Effect of Dicumarol on the nursing infant. Am. J. Obst. & Gynec., 59:

1153-1159, 1950.

.



330 WALTER H. SEEGERS

74. BRAMBEL, C. E. AND LOKER, F. F. : Significance of variations of prothrombin activity of dilute plasma. Proc.

5oc. Exper. Biol. & Med., 53: 218-220, 1943.

75. BRAMBEL, C. E. AND LOKER, F. F.: Application of dicoumarin (3,3’-methylenebis (4-hydroxycoumarin) ) in

trauma and gangrene. Arch. Surg., 48: 1-16, 1944.
76. BRAMBEL, C. E., HUNTER, R. E. AND FITZPATRICK, P. : Prophylactic use of anticoagulants in the puerperal

period (Dicumarol, heparin and Link compound 63). Bull. School Med. Univ. Maryland, 35: 91-103, 1950.
77. BREYTSPRAAK, R. W. AND GREENSPAN, F. R. : The effect of aminophylline on the prothrombin time in man.

Am. J. M. Sc., 212: 476-478, 1946.

78. BRINKHOUS, K. M.: Plasma prothrombin: vitamin K. Medicine, 19: 329-416, 1940.
79. BRINKHOUS, K. M. : Clotting defect in hemophilia : deficiency in a plasma factor required for platelet utilization,

Proc. Soc. Exper. Biol. & Med., 66: 117-120, 1947.

80. BRINKHOUS, K. M., SMITH, H. P. AND WARNER, E. D.: Plasma prothrombin level in normal infancy and in
hemorrhagic disease of the newborn. An�i. J. M. Sc., 193: 475-480, 1937.

81 . BRINKHOUS, K. M., SMITH, H. P., JR., WARNER, E. D. AND SEEGERS, W. H. : Heparin and blood clotting. Science,

90: 539, 1939.

82. BRINKHOUS, K. M., SMITH, H. P., WARNER, E. D. AND SEEGERS, W. H.: The inhibition of blood clotting: An

unidentified substance which acts in conjunction with heparin to prevent the conversion of prothrombin into

. thrombin. Am. J. Physiol., 125: 683-687, 1939.
83. BURKE, 0. E. AND WRIGHT, I. S.: A new coumarin anticoagulant (Tromexan) 4,4’-dihydroxydicumarnyl ethyl

acetate: Preliminary report of its action. Bull. New York Aced. Med., 26: 264-265, 1950.
84. BURKE, G. E. AND WRIGHT, I. S.: Tromexan (3,3’.carboxymethylenebis.(4’-dihydroxycoumarin) ethyl ester

acetic acid. Experimental and clinical properties. Circulation, 3: 164-170, 1951.

85. BURsTEIN, M. : La coagulation du sang. Masson and Cie, 1949.
86. BuRT, C. C., WRIGHT, H. P. AND KUBIK, M.: Clinical tests of a new coumarin substance. A report to the Medical

Research Council. Brit. M. J., 2: 1250-1260, 1949.

87. BtrrsCn, W. L. AND STEWART, J. D. : Clinical experiences with dicumarin, 3,3’-methylenebis-(4-hydroxycouma-

rin). J. Am. 3!. A., 120: 1025-1028, 1942.

88. B�rrr, H. R. AND SNELL, A. M.: Vitamin K. W. B. Saunders Co., Philadelphia, 1941.
89. BUrr, H. R., LEAKE, W. H., SOLLEY, R. F., GRIFFITH, G. C., HUNTINGTON, R. W. AND MONTGOMERY, H.:

Studies in rheumatic fever. I. The physiologic effect of sodium salicylate on the human being, with particular

reference to the prothrombin level of the blood and the effect on hepatic parenchyma. J. Am. M. A., 128:
1195-1200, 1945.

90. BYRON, R. L., JR., MCGEE, J. AND BELL, H. G.: Thrombin in the control of upper gastrointestinal hemorrhage.

Report of three cases. California Med., 71: 419-420, 1949.
91. CAHAN, A.: Hemorrhage and purpura caused by dicoumarin. Report of a case. New England J. Med., 228: 820-

822, 1943.

92. CANESSA, I.: Vitamin K. Pubs. med. exptl., Univ. Chile, 2: 9-312, 1947.
93. CANNON, W. B. AND GRAY, H.: Factors affecting the coagulation time of blood. II. The hastening or retarding

of coagulation by adrenalin injections. Am. J. Physiol., 34: 232-242. 1914.

94. CANNON, W. B. AND MENDENHALL, W. L.: Factors affecting the coagulation time of blood. I. The graphic method

of recording coagulation used in these experiments. Am. J. Physiol., 34: 225-231, 1914.

95. CANNON, W. B. AND MENDENHALL, W. L.: Factors affecting the coagulation time of blood. III. The hastening of
coagulation by stimulating the splanchnic nerves. Am. J. Physiol., 34: 243-250, 1914.

96. CANNON, W. B. AND MKNDENHALL, W. L.: Factors affecting the coagulation time of blood. IV. The hastening of

coagulation in pain and emotional excitement. Am. J. Physiol., 34: 251-261, 1914.

97. CANOVA, F.: Streptomycin, blood calcium and blood coagulation. Boll. soc. ital. biol. sper., 24: 976-978, 1948.

98. CARTER, J. C., BINGHAM, J. B. AND MEYER, 0. 0.: Studies on the hemorrhagic agent 3,3’-methylenebis (4-hy-

droxycoumarin). IV. The pathologic findings after the administration of Dicumarol. Am. J. Olin. Path., 20:
651-657, 1944.

99. CATHCART, R. T. AND BLOOD, D. W.: Effect of digitalis on the clotting of the blood in normal subjects and in

patients with congestive heart failure. Circulation, 1: 1176-1181, 1950.
100. CHARGAFF, E.: The protamine salts of phosphatides, with remarks on the problem of lipoproteins. J. Biol. Chem.,

125: 661-670, 1938.

101. CHARGA.FF, E.: The coagulation of blood. Chapter in Advances in Enzymology, Interscience Publishers, Inc.,
1945.

102. CHARGAFF, E. AND OLSON, K. B.: Studies on the chemistry of blood coagulation. VI. Studies on the action of
heparin and other anticoagulants. The influence of protamine on the anticoagulant effect in vivo. J. Biol.

Chem., 122: 153-167, 1937.

103. CHARGAFF, E., MOORE, D. H. AND BENDICH, A.: Ultracentrifugal isolation from lung tissue of macromolecular

protein component with thromboplastic properties. J. Biol. Chem., 145: 593-603, 1942.

104. CHARGAFF, E., zIFF, M. AND MOORE, D. H.: Studies on the chemistry of blood coagulation. XII. An electro-

phoretic study of the effect of anticoagulants on human plasma proteins, with remarks on the separation of

the heparin complement. J. Biol. Chem., 139: 383-405, 1941.
105. CHRISTENSEN, L. R.: Methods for measuring the activity of components of the streptococeal fibrinolytic system,

and streptococcal desoxyribonuclease. J. Clin. Investigation, 28: 163-172, 1949.

106. CLARK, A. M., MILNE, G. R. AND TODD, J. P.: Fixation of skin-grafts with human plasma and thrombin. Lancet,

1: 498-502, 1945.



INFLUENCE OF CERTAIN DRUGS ON BLOOD COAGULATION 331

107. CLARK, B. B. AND SPITALNY, M. : Prothrombinopenic activity of the salicylates and pharmacologically related

drugs. Federation Proc., 5: 171-172, 1946.

108. CLARK, W. G. : Effect of rutin on dicoumarolism. Proc. Soc. Exper. Biol. & Med., 69: 97-98, 1948.

109. CLAUSEN, F. W. AND JAGER, B. V. : The relation of the plasma salicylate level to the degree of hypoprothrom.

binemia. J. Lab. & Olin. Med. 31: 428-436, 1946.

110. CLAY, H. L. AND DICKINSON, L. D. : Needle biopsy of the liver using oxidized cellulose and thrombin to prevent
hemorrhage. J. Lab. & Olin. Med., 34: 422-424, 1949.

111. COBURN, A. F.: Salicylate therapy in rheumatic fever. Bull. Johns Hopkins Hosp., 73: 435-464, 1943.

112. COHN, E. J. : The properties and functions of the plasma proteins, with a consideration of the methods for their

separation and purification. Chem. Rev., 28: 395-417, 1941.

113. CORN, E. J. : Blood proteins and their therapeutic value. Science, 101: 51-56, 1945.

114. CORN, E. J. : The separation of blood into fractions of therapeutic value. Ann. Int. Med., 26: 341-352, 1947.

115. COLEMAN, F. C. : The prothrombin time in Dicoumarol therapy. 4nn. Int. Med., 30: 895-902, 1949.
116. 000MBs, A. J. : Delayed bleeding following removal of tonsils and adenoids. Laryngoscope, 60: 296-306, 1950.
117. 000MBS, F. 5., Ja., HIGLEY, C. S. AND WARREN, H. A. : The magnitude of salicylate hypoprothrombinemia.

Proc. Central Soc. Olin. Research 18: 68-69, 1945.

118. COPLKY, A. L. : Studies on human placental thromboplastin in vitro and in vivo. Science, 101: 436-437, 1945.

119. COPLEY, A. L. : On a new blood coagulation phase and the effect of Dicumarol and other hemorrhagic agents
in rabbits. Proc. XVIII International Physiological Congress: 165-166, 1950.

120. COPLEY, A. L. AND ROBB, T. P. : Studies on platelets. II. The effect of heparin on the platelet count in vitro.
Am. J. Clin. Path., 12: 416-423, 1942.

121. COPLEY, A. L. AND ROBB, T. P. : Studies on platelets. III. The effect of heparin in vivo on the platelet count
in mice and dogs. Am. J. Clin. Path., 12: 563-570, 1942.

122. COPLEY, A. L. AND SCHNEDORF, J. G. : The rate of excretion of heparin in the urine following its intravenous

injection in the anesthetized dog. Am. J. Physiol., 133: 562-565, 1941.

123. CORRELL, J. T. AND WISE, E. C. : The stability of thrombin, penicillin, or streptomycin, in the presence of gelatin

sponge, oxidized cellulose or each other. Surg., Gynec. & Obst., 85: 211-213, 1947.

124. COSGRIFF, S. W., DIEFENBACH, A. F. AND VoGT, W., JR. : Hypercoagulability of the blood associated with ACTH
and cortisone therapy. Am . J. Med., 9: 752-756, 1950.

125. COWLEY, L. L. AND LAM, C. R. : The neutralization of heparin by protamine. Surgery, 24: 97-99, 1948.

126. CROMER, H. E., JR. AND BARKER, N. W. : Effect of large doses of inenadione bisulfite (synthetic vitamin K)

on excessive hypoprothrombinemia induced by Dicumarol. Proc. Staff Meet., Mayo Clin., 19: 217-223, 1944.

127. CRONKITE, E. P., DEAvER, J. M. AND LOZNER, E. L.: Experiences with use of thrombin with and without soluble

cellulose for local hemostasis. War Med., 5: 80-82, 1944.

128. CRONKITE, E. P., LOZNER, E. L. AND DEAVER, J. M.: Use of thrombin and fibrinogen in skin grafting. J. Am.
M. A., 124: 976-978, 1944.

129. CIYLLEN, S.C., zIFFREN, 5. E., GIBSON, R. B. AND SMITH, H. P.: Anesthesia and liver injury: With special refer.
ence to plasma prothrombin levels. J. Am. M. A., 115: 991-993, 1940.

130. DALE, D. U. AND JAQUES, L. B.: The prevention of experimental thrombosis by dicoumarin. Canad. M. A. J.,
46: 546-548, 1942.

131. DALY, B. M., JOHNSTON, C. G. AND PENBERTHY, G. C.: The management of patients with bleeding from the

upper gastrointestinal tract with buffer and thrombin solution. Ann. Surg., 129: 832-839, 1949.

132. DAM, H.: The discovery of vitamin K. Nobel Lecture, December 12, 1946.

133. DAM, H.: Vitamin K. Vitamins & Hormones, 6: 28-53, 1948.

134. DAM, H., LARSEN, H. AND PLu�I, P.: Otis fibrinopeni ved for tidlig l�ning of placenta. Saertryk af Ugeskrift

for Laeger, 103: 257-264, 1941.

135. DAvIDOFF, L. M., SEEGAL, B. C. AND SEKGAL, D.: The Arthus phenomenon. Local anaphylactic inflammation

in the rabbit brain. J. Exper. Med., 55: 163-168, 1932.

136. DAVIDSON, C. S. AND MACDONALD, H.: Effect of vitamin K, oxide on hypoprothrombinemia induced by Di-
cumarol. New England J. Med., 229: 353-355, 1943.

137. DAVIS, A. AND PORTER, M.: Dicoumarin in the treatment of puerperal thrombosis. Brit. M. J., 1; 718-719, 1944.
138. DELL’AQUILA, Xl. D. AND LOJACONO, I.: Action of sodium salicylate on blood prothrombin titer. Bull. soc. ital.

biol. sper., 22: 295-296, 1946.

139. DELLA SANTA, R.: Un nouvel anticoagulant de synthese; le tromexan (G 11705). Schweiz. med. Wchnschr., 79:
195-206, 1949.

140. DELLA SANTA, R. AND VON KAULLA, K. N.: L’hypoprothrombinemie provoquie chez les hepatiques. Helv. med.
Acta, 16: 251-257, 1949.

141. DKROUAUX, G.: The hemostatic action of derivatives of adrenochrome. Arch. internat. de pharmacodyn. et

de th#{233}rap., 69: 142, 1943.
142. DEUTSCH, E.: Erfahrungen mit Tromexan, einem neuen Anticoagulans der Dicumaroireihe. Schweiz. med.

Wchnschr., 79: 1010-1025, 1949.

143. DEUTSCH, E.: Die Hemmkorper H�mophilie, Springer-Verlag, 1950.

144. DKUTSCH, E. AND HUEBER, E. F.: Ueber die Behandlung der Coronarthrombose und des Herzmuskelinfarktes

mit gerinnungshemmenden Substanzen. Wien. klin. Wchnschr., 62: 277-281, 1950.

145. DIECKMAN, W. F.: The toxemias of pregnancy, C. V. Mosby, 1941.

148. DIENST, A.: Experimentelle Studien fiber die �tiologische Bedeutung des Fibrinferments und Fibrinogens f#{252}r

die Eklampsie. Arch. f. Gynak., 96: 43-170, 1912.



332 WALTER H. SEEGERS

147. Doisy, E., BINKLEY, S. B. AND THAYER, S. A.: Vitamin K. Chem. Rev., 28: 477-517, 1941.
148. DOLKART, R. E., HALPERN, D., LARKIN, M., DEY, F. L. AND DE TAEATS, G. : Effect of penicillin on the clotting

activity of blood in normal human subjects. J. Pharmacol. & Exper. Therap., 96: 291-294, 1949.
149. DONATELLI, L. AND PASQtTINUCCI. : Streptomycin and blood coagulation. Boll. Soc. ital. biol. sper., 24: 963-

964, 1948.

150. DRAPER, A. J. : Dicumarol poisoning. J. Am. M. A., 136: 171-172, 1948.

151. DuFF, I. J. AND SHULL, W. H.: Fatal hemorrhagein Dicumarolpoisoning. Withrespecttonecropsy. J. Am. M. A.,

139: 762-766, 1949.

152. Editorial : Antibiotics and blood coagulation. J. Am. M. A., 141: 924, 1949.

153. Editorial: Biological competition between structurally related compounds: Clinical implications. Ann. mt.
Med., 30: 867-870, 1949.

154. Editorial: Heparinemia. Blood, 3: 1304-1306, 1948.
155. ELLIS, M. 38. AND BARLOW, 0. W. : Barbital narcosis. II. Blood sugar and blood coagulation time during barbital

hypothermia. J. Pharmacol. & Exper. Therap., 24: 259-264, 1924.

156. EVANS, J. A. AND BOLLER, R. J.: Subcutaneoususeofheparininanticoagulationtherapy. J. Am. M. A., 131: 879-

882, 1946.
157. FAHEY, J. L., OLWIN, J. H. AND WARE, A. G. : Effect of Dicumarol on Ac-globulin and prothrombin activity.

Proc. Soc. Exper. Biol. & Med., 69: 491-494, 1948.

158. FALK, 0. P. J. : Treatment of coronary artery disease; Dicumarol therapy. J. Am. Xl. A., 134: 491-495, 1947.

159. FALLON, J. AND CROSKERY, W. F. : Plasma fractions-”fibrin foam,” thrombin, and “fraction no. 1”-in general

surgery. Surg., Gynec. & Obst., 84: 361-365, 1947.

160. FANTL, P. : Inhibition of blood coagulation by coumarin compounds. Australian J. Sc., 6: 23-25, 1943.

161. FANTL, P. AND NANCE, Si. H.: The hypoprothrombinaemic effect of 3,3’-ethylidene-bis-4-hydroxycoumarin

(EDO.): An experimental and clinical study. M. J. Australia, 2: 133-136, 1947.

162. FANTL, P. AND NANCE, B. A. : The action of protamine on blood plasma. Australian J. Exper. Biol. & M. Sc.,

28: 253-259, 1950.

163. FANTL, P., EVERARD, B. A. AND NELSON, J. F. : The question of arginine linkage in salmine. Australian J. Sc.,
12: 145-146, 1949.

164. FASHENA, G. T. AND WALKER, J. N. : Salicylate intoxication. Am. J. Dis. Child., 68: 369-375, 1944.

165. FAVRE-GILLY, J. : Les etats hemorragiques et Ia notion de fibrinopenie, Vigot Freres, 1947.

166. FERGUSON, J. H. : The blood calcium and the calcium factor in blood coagulation. Physiol. Rev., 16: 640-670,
1936.

167. FERGUSON, J. H.: Blood: Coagulation, biophysical characters, and formed elements. Ann. Rev. Physiol., 2:

71-108, 1940.

168. FERGUSON, J. H.: The action of heparin, serum albumin (crystalline), and salmine on blood-clotting mechanisms

(in vitro). Am. J. Physiol., 130: 759-770, 1940.
169. FERGUSON, J. H.: Blood coagulation, thrombosis, and hemorrhagic disorders. Ann. Rev. Physiol., 8: 231-262,

1946.
170. FERRY, J. D. AND SHULMAN, S.: The conversion of fibrinogen to fibrin. I. Influence of hydroxy compounds on

clotting time and clot opacity. J. Am. Chem. Soc., 71: 3198-3204, 1949.

171. FIDLAR, E. AND JAQUES, L. B.: The effect of commercial heparin on the platelet count. J. Lab. & Olin. Med.,

33: 1410-1423, 1948.

172. FIELD J. B.: Hypoprothrombinemia induced in suckling rats by feeding 3,3’-methylenebis-(4-hydroxycou-
mann) and acetylsalicylic acid to their mothers. Am. J. Physiol., 143: 238-242, 1945.

173. FIELD, J. B. AND LINK, K. P.: Note on hyperprothrombinemia induced by vitamin K. J. Biol. Chem., 156:

739-741, 1944.

174. FIELD, J. B., LARSEN, E. G., SPERO, L. AND LINK, K. P.: Studies in the hemorrhagic sweet clover disease. XIV.
Hyperprothrombinemia induced by methyixanthines and its effect on the action of Dicumarol. J. Biol. Chem.,

156: 725-737, 1944.

175. FIELD, J. B., OVERMAN, R. S. AND BAUMANN, C. A.: Prothrombin activity during pregnancy and lactation.
Am. J. Physiol., 137: 509-514, 1942.

176. FIELD, J. B., SPERO, L. AND LINE, K. P.: Hypoprothrombinemia induced in the dog by acetylsalicylic acid.
Am. J. Physiol., 159: 40-46, 1949.

177. FIELD, J. B., SVEINBJORNSSON, A. AND LINK, K. P.: Increased plasma fibrinogen induced by methylxanthines.
J. Biol. Chem., 159: 525-528, 1945.

178. FISCHER, A.: Die Bindung von Heparin an Eiweiss. Biochem. ztschr., 278: 133-160, 1935.

179. FISCHER, P. AND DKLANDTSHEER, L.: Metabolism of adrenochrome and of trihydroxymethyl indole in the rabbit.

Experientia, 6: 305, 1950.
180. FISCHER, P. AND LECOMTE, J.: Metabolisme de Ia semicarbazone de l’adrenochrome absorbie per os par l’homme

normal. Compt. rend. Soc. de biol., 142: 1446-1448, 1948.
181. FLEMING, A. AND LISH, E. W.: Influence of penicillin on the coagulation of blood. Brit. M. J., 2: 242-243, 1947.

182. FLINN, J. H.: The effect of digitalis on the coagulability of blood. Collected Papers, Mayo Clinic and Founda-

tion, 40: 380-381, 1949.

183. FOLEY, W. T AND WRIGHT, I. S. The treatment of cerebral thrombosis and embolism with anticoagulant drugs:

preliminary observations. M. Clin. North America, 34: 909-924, 1950.
184. Fox, S. L.: The use of thrombin in rhinologic surgery-A preliminary report. Laryngoscope, 56: 48 53, 1946.

185. Fox, S. L.: The use of thromnbin in nasal surgery. Ann. Otol., Rhin. & Laryng., 56: 127-133, 1947.



INFLUENCE OF CERTAIN DRUGS ON BLOOD COAGULATION 333

186. FRANTZ, V. K. : Hemostasis. Ann. Rev. Physiol., 10: 445-452, 1948.

187. FRIEDRICH, L. AND POLICZER, M.: Uses of thrombin in liver puncture. Lancet, 1: 523-524, 1949.

188. FULTON, L. D. AND PAGE, E. W. : Nature of refractory state following sublethal dose of human placental thrombo-

plastin. Proc. Soc. Exper. Biol. & Med., 68: 594-596, 1948.

189. GALT, J. AND HUNTER, R. B. : The effect of aureomycin on certain liver function tests and blood coagulation.

Am. J. M. Sc., 220: 508-510, 1950.

190. GERBER, C. F. AND BLANCHARD, E. W. : The effect of certain substances on clotting time, in vitro. Am. J. Physiol.,

144: 447-456, 1945.
191. GERENDAS, M. AND CSAPO, A.: Intravenfise Thrombinwirkung. Arch. Biol. Hungarica, 18: 181-185, 1948.

192. GIANELLA, L. : Klinische Untersuchungen mit Anticoagulantien. Gynaecologia, 128: 62, 1949.

193. GIANKLLA, C. V. AND VON KAULLA, K. N. : tYber die Nachweisbarkeit des Athylesters der 3,3’-Dicumarinylessig-

s�uer und des Dicumarols im menschlichen Blut. Experientia, 5: 125-126, 1949.

194. GIBSON, P. C.: Aspirin in the treatment of vascular diseases. Lancet, 2: 1172-1174, 1949.
195. GILBERT, N. C. AND NALEFSKI, L. : The effect of the anticoagulant drugs upon the coronary flow. J. Lab. & Olin.

Med., 3.3: 1455-1456, 1948.
196. GILBERT, N. C., DEY, F. AND TRUMP, R. : The effect of the niethylated xanthines on the clotting time of the

blood. J. Lab. & Olin. Med., 32: 28-33, 1947.

197. GLAVIND, J. : Studies on the coagulation of crustacean blood, Nyt Nordiak Forlag, 1948.

198. GooDwIN, J. F. AND MACGREGOR, A. G. : Anticoagulant therapy with heparin in Pitkin’s menstruum. Lancet,
2: 667-671, 1950.

199. GOVAN, C. D. : The effect of salicylate administration on the prothrombin time. J. Pediat., 29: 629-636, 1946.

200. GRABFIELD, G. P.: Factors affecting the coagulation time of blood. IX. The effect of adrenin on the fac-
tore of coagulation. Am. J. Physiol., 42: 46-55, 1917.

201. GRAY, H. AND LUNT, L. K.: Factors affecting the coagulation time of blood. V. The effects of hemorrhage be-

fore and after exclusion of abdominal circulation, adrenals, or intestine. Am. J. Physiol., 34: 332-351, 1914.

202. GREEN, H. J. AND LOEWE, L. : Anticoagulant therapy with heparin/Pitkin menstruum in the thromboembolic

disease complicating the puerperium and gynecologic surgery. Am. J. Obst. & Gynec., 54: 958-969, 1947.

203. GUEST, M. 34. : Personal communication and unpublished data.

204. GUEST, M. M., WARE, A. G. AND SEEGERS, W. H.: A quantitative study of antifibrinolysin in chick plasma:
Increase in antifibrinolysin activity during pteroylglutamic acid deficiency. Am. J. Physiol., 150: 661-669,

1947.

205. HALSE, T.: Dicumarol properties and aJ)plication. Med. KIm., 43: 177-185, 1948.

206. HAM, T. H. AND CURTIS, F.C. : Plasma fibrinogen response in man. Influence of the nutritional state, induced

hyperpyrexia, infectious disease and liver damage. Medicine, 17: 413-446, 1938.
207. HAMMARSTEN, J. F.: Hemopericardium without rupture of the heart following Dicumarol therapy for nsyo-

cardial infarction. Minnesota Med., 32: 1003-1004, 1949.

208. HANZLIK, P. J.: Action and uses of salicylates and cincophen in medicine, Williams and Wilkins Co., Baltimore,

Maryland, 1927.
209. HANZLIK, P. J. AND KARSNER, H. T.: Anaphylactoid phenomena from various agents injected intravenously.

J. Pharmacol. & Exper. Therap., 23: 173-235, 1924.

210. HANZLIK, P. J. AND KARSNER, H. T.: Effects from intraperitoneal injection of various agents causing anaphylac-

toid phenomena. J. Pharmacol. & Exper. Therap., 23: 243-260, 1924.

211. HARNED, B. K., CUNNINGHAM, R. W., CLARK, M. C., COSGROVE, R., HINE, C. H., MCCAULEY, W. J., STOKEY,

E., VESSEY, R. E., YUDA, N. N. AND SUBBA-ROw, Y.: The pharmacology of duomycin (aureomycin). Ann.

New York Aced. Sc., 51: 182-210, 1948.

212. HARVEY, W. P. AND FINCH, CA.: Dicumarol prophylaxis of thromboembolic disease in congestive heart failure.
New England J. Med., 242: 208-211, 1950.

213. HENDRICKSON, F. C.: Topical use of clotting agents in surgery of the prostate gland. J. Urol., 55: 613-617, 1946.

214. HERRELL, W. E.: Observations on the clinical use of aureomycin. Proc. Staff Meet., Mayo Clin., 24: 612-618,

1949.
215. HIGLY, C. S.: Use of salicylates in rheumatic fever. J. Am. M. A., 129: 1123-1124, 1945.

216. HILL, J. M.: Personal communication, December, 1950.

217. HILTON, J. H. B., CAMERON, W. M., TOWNSEND, S. R. AND MILLS, E. S.: Dicoumarol in acute coronary occlusion.

Canad. M. A. J., 60: 134-135, 1949.

218. HILTQN, J. H. B., CAMERON, W. M., TOWNSEND, S. R. AND MILLS, E. S.: Problems involved in the use of Di-
coumarol in acute coronary thrombosis. Canad. M. A. J., 60: 386-388, 1949.

219. HINES, E. A., Ja. AND BARKER, N. W.: Anticoagulant therapy in chronic cardiovascular diseases. M. Olin. North

America, 33: 335-345, 1949.

220. HINES, L. E. AND KESSLER, D. L.: Theeffect of penicillin on heparin tolerance. J. Am. M. A., 128: 794-796,1945.

221. HOEFNKR, P. F. A., PUTNAM, T. J. AND GRAY, Sit. G.: Experimental “encephalitis” produced by intravenous

injection of various coagulants. Arch. Neurol. & Psychiat., 39: 799-812, 1938.

222. HOGBEN, C. A. M. AND ALLEN, E. V.: The relationship between prothrombin time and bleeding in the clinical

use of Dicumarol after operation. Circulation, 2: 369-372, 1950.
223. HOLDEN, W. D.: Treatment of deep venous thrombosis with reference to subcutaneous injection of heparin

and use of Dicumarol. Arch. Surg., 54: 183-187, 1947.

224. HOLLAND, H. AND Gaoss, E. G.: The effect of the xanthine derivatives on the prothronsbin and plasma clotting
times in dogs and in human subjects. J. Iowa M. Soc., 38: 183-187, 1948.



334 WALTER H. SEEGERS

225. HOLOUBEK, J. E., HENDRICK, J. V. AND HOLLIS, W. J. : Toluidine blue in bleeding associated with thrombo-

penia. J. Am. M. A., 139: 214-216, 1949

226. HONORATO, R.: The plasmatic cofactor of thromboplastin: Its adsorption, with prothrombin and fibrinogen,

by alumina and tricalcium phosphate gels. Am. J. Physiol., 150: 381-388, 1947.

227. HONORATO, R. : Changes in the prothrombin time induced by methylxanthines. Role of the plasma cofactor of

thromboplastin. Arch. Biochem., 22: 345-352, 1949.
228. HONORATO, R. AND GOMEZ, C. : Thrombosis experimental y su relation con los digitalicos. Rev. Soc. argent. de

biol., 24: 295-300, 1948.
229. HONORATO, R. AND LOPETEGUI, M. : Relation of digitalis substances to blood coagulation, and their antagonism

toward Dicumarol. Rev. Soc. argent. de biol., 24: 286-294, 1948.
230. HORN, z., GERENDAS, M. AND BoasoD!, L. : The action of toluidine blue and thrombokinase on the course of

thrombin inactivation. Experientia, 4: 402, 1948.

231. HOWELL, W. H. : Theories of blood coagulation. Physiol. Rev., 15: 435-470, 1935.

232. HUEBNER, C. F. AND LINK, K. P. : Studies on the hemorrhagic sweet clover disease. IV. Synthesis of the 3-Dike-

tone derived from the hemorrhagic agent through alkaline degradation. J. Biol. Chem., 138: 529-534, 1941.
233. HUEBNER, C. F., SULLIVAN, W. R., STAHMANN, M. A. AND LINK, K. P. : St.�idies on 4-hydroxycoumarin. HI.

Dehydration of the aldehyde condensation products. J. Am. Chem. Soc., 65: 2292-2296, 1943.

234. HURN, M., BARKER, N. W. AND MAGATH, T. B. : Prothrombin-time determinations following the administra-
tion of Dicoumarol, with special reference to the variability of thromboplastin. Proc. Staff Meet., Mayo Clin.,

19: 507-512, 1944.

235. HURN, M., BARKER, N. W. AND MAGATH, T. B. : The determination of prothrombin time following the adminis-

tration of Dicoumarol, 3,3’-methylenebis (4-hydroxycoumarin), with special reference to thromboplastin.

J. Lab. & Olin. Med., 30: 432-437, 1945.

236. IKAWA, M., STAHMANN, M. A. AND LINK, K. P.: Studies on 4-hydroxycoumarins. V. The condensation ofa, �

unsaturated ketones with 4-hydroxycoumarin. J. Am. Chem. Soc., 66: 902-906, 1944.

237. Influence of digitalis on blood clotting. J. Am. M. A., 131: 353, 1946.
238. INGRAHAM, F. D. AND BAILEY, 0. T. : The use of products prepared from human fibrinogen and human thrombin

in neurosurgery. Fibrin foams as hemostatic agents; fibrin films in repair of dural defects and in prevention

of meningocerebral adhesions. J. Neurosurg., 1: 23-39, 1944.

239. IRISH, U. D. AND JAQUES, L. B. : The effect of Dicumarol upon plasma fibrinogen. Am. J. Physiol., 143: 101-
104, 1945.

240. JACOX, R. F.: Studies on the activation of a serum “prothrombin-conversion factor”. J. Olin. Investigation,

28: 492-504, 1949.

241. JAMES, D. F., BENNETT, I. L., JR., SCHEINBKRG, P. AND BUTLER, J. J.: Clinical studies on Dicumarol hypo-
prothrombinemia and vitamin K preparations. I. Superiority of vitamin K1 oxide over menadione sodium
bisulfite U.S.P. and synkavite in reversing Dicumarol hypoprothrombinemia. Arch. Int. Med., 83: 632-

652, 1949.

242. JANSEN, K. F.: Dikumarin, (3,3’-metylen-bis-(4-oxykumarin)) dets anverdelse i thrombosebehandlingen.

Nord. Med., 20: 1993-1996, 1943.

243. JANSEN, K. F. AND JENSEN, K. A.: Constitution and hemorrhagic action of 3,3’-methylenebis (4-hydroxycouma-

rin). ztschr. physiol. Chem., 277: 66-73, 1942.

244. JAQUES, L. B.: The effect of intravenous injections of heparin in the dog. Am. J. Physiol., 125: 98-107, 1939.

245. JAQUES, L. B.: The reaction of heparin with proteins and complex bases. Biochem. J., 37: 189-195, 1943.

246. JAQUES, L. B.: A study of the toxicity of the protamine salmine. Brit. J. Pharmacol., 4: 135-144, 1949.

247. JAQUES, L. B. AND DUNLOP, A. P.: The effect of calcium concentration on the prothrombin time of dogs

treated with Dicumarol. Am. J. Physiol., 143: 355-360, 1945.
248. JAQUES, L. B. AND LEPP, E.: Action of sodium salicylate on prothrombin time in rabbits. Proc. Soc. Exper.

Biol. & Med., 66: 178-181, 1947.

249. JAQUES, L. B. AND RICKER, A. G.: The relationship between heparin dosage and clotting time. Blood, 3: 1197-

1212, 1948.

250. JAQUKS L. B., BRUCE-WITFORD, M. AND RICKER, A. G.: The metachromatic activity of heparin. Rev. canad.
de biol., 6: 740-754, 1947.

251. JAQUES, L. B., CHARLES, A. F. AND BEST, C. H.: The administration of heparin. Acta med. Scandinav., Suppl.
90: 190-207, 1938.

252. JAQUES, L. B., FIDLAR, E., FELDSTED, E. T. AND MACDONALD, A. G.: Silicones and blood coagulation. Canad.
M. A. J., 55: 26-31, 1946.

253. JAQUKS, L. B., GORDON, E. AND LEPP, E.: A new prothrombopenic drug, phenylindanedione. Canad. M. A. J.,
62: 465-470, 1950.

254. JAQUKS, L. B., TAYLOR, E. AND LEPP, E.: Action of phenylindanedione on prothrombin time. Federation Proc.,

8: 81, 1949.

255. JAVERT, C. T. AND MACRI, C.: Prothrombin concentration in normal pregnancy. Am. J. Obst. & Gynec., 42:

415-419, 1941.

256. JENSEN, R., SNELLMAN, 0. AND SYLV�N, B.: On the inhomogeneity of commercial heparin preparations from
the physicochemical point of view. J. Biol. Chem., 174: 265-271, 1948.

257. JORPES, J. E.: Heparin in the treatment of thrombosis, Oxford University Press, 1946.

258. JORPES, J. E.: The origin and the physiology of heparin: The specific therapy in thrombosis. Ann. Int. Med.,

27: 361-370, 1947.



INFLUENCE OF CERTAIN DRUGS ON BLOOD COAGULATION 335

259. JORPES, J. E. : On the dosage of the anticoagulants, heparin and Diculnarol, in the treatment of thrombosis.

Acts chir. Scandinav., Suppl. 149: 1950.

260. JoRPE5, J. E. AND GARDELL, S. : On heparin monosulfuric acid. J. Biol. Chem., 176: 267-276, 1948.

261. JORPES, E., EDMAN, P. AND THANING, T. : Neutralisation of action of heparin by protamine. Lancet, 2: 975-

976, 1939.

262. JORPES, E., KALLNER, S. AND BOSTR#{246}M, H. : Protamine for intravenous use in man and in animal experiments.
Acta med. Scandinav., 84: 1-4, 1949.

263. JUBKLIRER, R. A. AND GLUECK, H. I. : Capillary fragility studies (G#{246}thlin test) on one hundred patients re-
ceiving Dicumarol. J. Lab. & Olin. Med., 34: 448-457, 1949.

264. JCLEN, C., SNELLMAN, 0. AND SYLV�N, B. : Cytological and fractionation studies on the cytoplasmic constituents
of tissue mast cells. Acta physiol. Scandinav., 19: 289-305, 1950.

265. JURGENS, R. AND STUDER, A. : zur Wirkung des Thrombins. Helv. Physiol. et Pharm. Acts, 6: 130-149, 1948
266. KABAT, H., STOHLMAN, E. F AND SMITH, M. I. : Hypoprothromnbinemia induced by administration of indandione

derivatives. J. Pharmacol. & Exper. Therap., 80: 160-170, 1944.

267. VON KAULLA, K. N. : Betrachtungen zur postnarkotischen Fibrinolyse. Schweiz. med. Wchnschr., 77: 313-325,

1947.
268. VON KAULLA, K. N. : Klinische Fortschritte auf dem Gebiete der Blutgerinnung, Urban and Schwarzenberg,

1949.

269. VON KAULLA, K. N. : Tromexan, em neues Antikoagulans. Klinische Ergebnisse. Deutsche med. Wchnschr.,

74: 1259-1262, 1950.

270. VON KAULLA, K. N. AND HUSEMANN, E. : Beitrag zur Synthese heparinShnlicher K#{246}rper. zeitschr. f. d. ges.

exper. Med., 114: 722-732, 1945.

271. VON KAULLA, K. N. AND PULVER, R.: Tierexperimentelle Untersuchungen mit dens neuen Antithrombotikum
Tromexan. Schweiz. med. Wchnschr., 78: 806-820, 1948.

272. KAY, J. H. AND BALLA, G. A. : Antithromboplastic activity of monosodium alpha tocopherol phosphate and
inositol phosphatide. Proc. Soc. Exper. Biol. & Med., 73: 465-467, 1950.

273. KAY, J. H. AND HUTTON, S. B. : Studies on an antithrombin. I. The antithrornbic activity of alpha tocopherol

phosphate. Bull. Tulane Medical Faculty, 9: 122-126, 1950.

274. KAY, J. H., BALLA, G., HUTTON, S. B. AND OCHSNER, A. : The prophylaxis of intravascular clotting by the use
of alpha tocopherol and calcium. New Orleans Xl. & S. J., 103: 116-120, 1950.

275. KAY, J. H., HUTTON, S. B., JR., WEISS, G. N. AND OCHSNER,A.: Studies on an antithrombin. III.A plasma

antithrombin test for the prediction of intravascular clotting. Surgery, 28: 24-28, 1950.

276. KERN, R. A. AND TAUGNER, P. H., Ja.: Protamine and allergy. I. Nature of the local reactions after injections
of protamine zinc insulin, II. Induction of sensitivity to insulin by injections of protamine zinc insulin. J. Am.

M. A., 113: 198-200, 1939.

277. DE KEYSER, R.: Nieuwe perspectieven in de antistolingstherapie. Geneeskundige Gids, 27: 223-229, 1949.

278. KLEIN, P. D. AND SEEGKRS, W. H.: The nature of plasma antithrombin activity. Blood, 5: 742-752, 1950.

279. KNISLEY, M. H.: Personal communication.

280. KNOTTENBELT, N.: Stollingremmende Behandeling von Thrombose. Thesis, University of Leiden, 1947.

281. KOLLER, V. F.: Die prophylaxe und therapie der thrombose mit antikoagulantien. Helv. med. Acts, 16: 184-

217, 1949.

282. KOLLER, F.: 1st die Anticoagulantientherapie der Thromboensbolie ausserhalb des Spitals moglich? Praxis,

Schweiz. Rundschau f#{252}rMed.. 39: 68-71, 1950.

283. K0SSEL, A.: The protamines and histones, Longmans, Green and Co., 1928.

284 KRAUS, A. P., PERL0w, S. AND SINGER, K.: Danger of Dicumarol treatment in pregnancy. J. Am. Xl. A., 139:

758-762, 1949.

285. LAUFMAN, H. AND HELLER, R.: Effect of heparin on wound healing. Surg., Gynec. & Obst., 76: 655-658, 1943.

286. LAUFMAN, H., MARTIN, W. B. AND TANTURI, C.: Effect of heparin and Dicounsarol on sludge formation. Science,

108: 283-284, 1948.
287. LEE, C. C., TREVOY, L. W., JAQUE5, L. B. AND SPINKS, J. W. T.: The synthesis of 3,3’.niethyleneCl4�bis (4-

hydroxycoumarin). Canad. J. Research, B, 28: 170-171, 1950.

288. LEE, C. C., TREVOY, L. W., SPINES, J. W. T. AND JAQUES, L. B.: Dicumarol labelled with 014. Proc. Soc. Exper.

Biol. & Med., 74: 151-15,5, 1950.

289. LEHMANN, J.: Effect of coumarin and dicoumarin derivatives on prothrombin level. Lancet, 1: 458-459, 1943.

290. LEIN, J. AND LEIN, P. 5.: An altered prothromhin produced by Dicumarol-treated rabbits. Am. J. Physiol.,
155: 394-401, 1948.

291. LE Rot, G. V. AND NALEFSKI, L. A.: Dicumarol in experimental myocardial infarction. J. Lab. & Clin. Med.,

33: 961-967, 1948.

292. LESTER, 0.: Non-appearance of salicylates in urine after administration of Dicoumarol. J. Biol. Chem., 154:

305-306, 1944.

293. LEVIN, W. C. AND RUSKIN, A.: Studies on the effects of digitoxin on the coagulation mechanism. Am. J. Med.,

7: 133. 1949.

294. LEVY, S. AND CONROY, L.: Prothrombin time and anesthesia: A clinical investigation of the effects of ether

and spinal anesthesia on the prothrombin level of the blood. Anesthesiology, 7: 276-284, 1946.

295. LEwIS, J. H.: Effect of penicillin on blood coagulation. Proc. Soc. Exper. Biol. & Med., 63: 538-540, 1946.

296. LEWITUS, Z. A.: Prothrombinopenic effect of penicillin. Arch. lot. Med., 82: 625, 1948.

297. LIAN, M. M. C., SIGUIER, F., WELTI, J. J., PIETTE, M., COBLENTZ, B. AND TRELAT, J.: Reflexions sur tin nouvel



336 WALTER H. SEEGERS

anticoagulant : lester ethylique de l’acide d-3, 3’ (4-oxycoumarine) acetique. Societe Medicale des Hopitaux

de Paris, 22: 110-121, 1950.

298. LIGHT, R. U. : The antigenicity of bovine thrombin : Clinical evaluation. J. Neurosurg., 2: 516-523, 1945.
299. LIGHT, R., ALSCHER, R. P. AND FREY, C. N. : Vitamin A toxicity and hypoprothrombinemia. Science, 100: 225-

226, 1944.

300. LIGHT, H. U. AND PRENTICE H. R. Gelatin sponge. Surgical investigation of a new matrix uacd in conjunction
with thrombin in hemostasis. Arch. Surg., 51: 69-77, 1945.

301. LIGHT, R. U. AND PRENTICE, H. R.: Surgical investigation of a new absorbable sponge derived from gelatin

for use in hemostasis. J. Neurosurg., 2: 435-455, 1945.
302. LILLY, G. D. AND LEE, R. M. : Complications of anticoagulant therapy. Surgery, 26: 957-969, 1949.

303. LINK, K. P. : The anticoagulant from spoiled sweet clover hay. Harvey Lect., 39: 162-216, 1943-44.
304. LINK, K. P. : The anticoagulant Dicumarol. Proc. Inst. Med. Chicago, 15: 370-389, 1945.

305. LINK, K. P.: The anticoagulant 3,3’-methylenebi.s (4-hydroxycoumarin). Federation Proc., 4: 176-182, 1945.
306. LINK, K. P. : The anticoagulant Dicumarol. Chicago Med. Soc. Bull., 51: 57-62, 1948.

307. LINK, K. P. : The hypoprothrombinemic action of salicylates. Chicago Med. Soc. Bull., 51: 53-56, 1948.

308. LINK, K. P., OVERMAN, R. S., SULLIVAN, W. R., HUKBNER, C. F. AND SCHEEL, L. D. : Studies on the hemor-
rhagic sweet clover disease. XI. Hypoprothrombinemia in the rat induced by salicylic acid. J. Biol. Chem.,

147: 463-474, 1943.

309. LINMAN, J. W., DUFF, I. F. AND SERFONTEIN, S. : Anticoagulant therapy with depository heparin. Univ. Michigan
M. Bull., 16: 69-73, 1950.

310. LITWINS, J., VESELL, H., KISSIN, M., COHEN, I. AND PAUL, A. : Effect of Dicoumarol on the erythrocyte sedi-

mentation rate. J. Am. M. A., 141: 330, 1949.

311. LOEWE, L. AND EIBKR, H. B. : Anticoaguiation therapy with heparin/Pitkin menstruum in the management

of coronary artery thrombosis and its complications. Am. Heart J., 37: 701-719, 1949.
312. LOEWE, L. AND HIRSCH, E. : Heparin in the treatment of thromboembolic disease. J. Am. M. A., 133: 1263-1268,

1947.

313. LOEWE, L. AND ROSENBLATT, P. : A new practical method for subcutaneous administration of heparin. Pre.

liminary report. Am. J. M. Sc., 208: 54-63, 1944.

314. LOEWE, L., ROSENBLATT, P. AND Hlimscn, E. : Venous thromboembolic disease. J. Am. M. A., 130: 386-393,1946.
315. LONG, P. H. : Antibiotics and blood coagulation. J. Am. M. A., 142: 49-50, 1950.

316. LORD, J. W., Ja. : Effect of trauma to the liver on the plasma prothrombin. Surgery, 6: 896-898. 1939.

317. LOSSER, R. P., VERSAKOS, M. AND LOEWE, L. : The influence of aureomycin on human coagulability. Angiology,

1: 233-235, 1950.

318. LUCIA, S. P. AND AGGELER, P. M. : Treatment of Dicoumarol-induced hypoprothrombinemic hemorrhage with
vitamin Ki oxide. Proc. Soc. Exper. Biol. & Med., 56: 36, 1944.

319. LUPTON, A. M. : The effect of perfusion through the isolated liver on the prothrombin activity of blood from
normal and Dicumarol treated rats. J. Pharmacol. & Exper. Therap., 89: 306-312, 1947.

320. LUSCHKR, E.: Untersuchungen fiber einen die Blutgerinnung beschleunigenden Stoff aus dem Harne H�imophiler.

Thesis, University of Bern, 1947.

321. MACFARLANE, R. G.: Critical review: The mechanism of haemostasis. Quart. J. Med., 10: 1-32, 1941.

322. MACFARLANE, R. G.: Normal and abnormal blood coagulation: Review. J. Olin. Path., 1: 113-143, 1948.
323. MACHT, D. I.: Experimental studies on heparin and its influence on toxicity of digitaloids, congo red, cobra venom

and other drugs. Ann. Int. Med., 18: 772-791, 1943.

324. MACHT, D. I.: Thromboplastic properties of some mercurial diuretics. Am. Heart J., 31: 460-463, 1946.

325. MACHT, D. I.: Thromboplastic properties of penicillin and streptomycin. Arch. internat. de pharmacodyn.,

et de th#{233}rap., 74: 399-405, 1947.

326. MACHT, D. I.: Thromboplastic properties of penicillin and streptomycin. Science, 105: 313-314, 1947.

327. MACHT, D. I.: Penicillin, streptomnycin, Dicouniarol and blood coagulation. Thromnboplastic properties of peni-

cillin. South. M. J.. 41: 720-727, 1948.

328. MACUT, D. I. AND FARKAS, R.: Aureomycin and blood coagulation. Science, 110: 305-306, 1949.

329. MaCLEAN, A. L. AND BRAMBEL, C. E.: Dicunsarol and rutin in retinal vascular disorders. Trans. Am. Opthalmo-
logical Soc., 1946.

330. MACMILLAN, R. L.: Observations on the mechanism of action of Dicoumarol. Science, 108: 416-417, 1948.

331. MANN, F. D. AND HURN, M. M.: The complex mechanisms of the Quick prothrombin test and the effect of Di-

cumarol. Am. J. Olin. Path., 20: 225-232, 1950.

332. MANN, F. D., HURN, M. AND MAGATH, T. B.: Observation on the conversion of prothrombin to thrombin. Proc.

Soc. Exper. Biol. & Med., 66: 33-35, 1947.

333. MARPLE, C. D.: Anticoagulant therapy in heart disease. California Med., 73: 425-431, 1950.

334. MARPLE, 0. D.: The administration of anticoagulants. California Med., 73: 3-7, 1950.

335. MARPLE, C. D. AND WRIGHT, I. S.: Thromboembolic conditions and their treatment with anticoagulants, C.

O Thomas, 1950.

336. MASON, K. E.: A hemorrhagic state in the vitamin E-deficient fetus of the rat. Essays in Biology, 401-407, 1943.

337. MCCALL, M., SPENCE, J. AND COATES, G.: Dicumarol therapy in acute coronary occlusion with myocardial in-

farction. Am. J. M. Sc., 215: 612-616, 1948.

338. MCCANN, J. C.: Thromboembolism; A comparison of the effect of early postoperative ambulation and Dicumarol
on its incidence. New England J. Med., 242: 203-207, 1950.

339. McOLAUGHRY, R. I. AND SEEGERS, W. H.: Prothrombin, thromboplastin, Ac-globulin and platelet accelerator

Quantitative interrelationships. Blood, 5: 303-312, 1950.



INFLUENCE OF CERTAIN DRUGS ON BLOOD COAGULATION 337

�340. MCCLAUGHRY, R. I., ANDREWS, E. B. AND SEEGERS, W. H. : Changes in the reactivity of purified prothronsbin

after freeze dr�’ing. Proc. Soc. Exper. Biol. & Med., 75: 252-254, 1950.

341. MCCLEERY, R. S., ARTZ, 0. P. AND SIRAK, H. D. : Practical application of the heparin-caronamide reaction to

the potentiation of heparin in gelatin menstruuns. Surgery. 24: 348-354, 1948.

342. MCCORMICK, H. M. AND YOUNG, I. I. : Effect of aniinophylline on plasma prothromnbin and Ac-globulin in dogs.

Proc. Soc. Exper. Biol. & Med., 70: 501-503, 1949.

343. MCGINTY, D. A., SEEGERS, W. H., PFEIFFEH, C. C. AND LOEW, E. R.: P!asmna prothrombin concentration in

dogs given 3,3’-methylenebis (4-hydroxycounsarin) and purified beef prothrombin . Science, 96: 540-542, 1942.
344. MF:IS5NER, R.: Zur Beschleunigung der Blutgerinnung durch Euphyllin. Biochem. Zt.schr., 120: 197-202, 1921.

345. MELLANBY, J. : The coagulation of blood. Part II. The actions of snake venon�s, peptone, and leech extract.

J. Physiol., 38: 441-503, 1909.

346. MENDENHALL, W. : Factors affecting the coagulation time of blood. VII. The influence of certain anesthetics.
Am. J. Physiol., 38: 33-51, 1915.

347. MKNGIIINI, G.: Anticoagulant action in vitro of sodium penicillin. Bull. Soc. ital. hiol. sper., 24: 720-721, 1948.

348. MENTZER, C. : The various groups of synthetic compounds with anti-vitamin K activity and the biological sig-

nificance of results obtained (in animals). Bull. soc. chim. biol., 30: 872-884, 1948.

349. MKNTZF.R, C., MEUNIER, P., LECOCQ, J., BILLET, D. AND XUONG, D. : Chemical studies of the antivitamin K

series of compounds. Bull. soc. chins. biol., 12: 430-437, 1945.

350. MEUNIER, P. : Mechanism of the action of antivitalninosis K in animals. Bull. soc. chim. biol., 30: 884-891, 1948.

351. MEUNIER, P. AND MENTZER, C.: Antihemorrhagic activity of certain chroman derivatives and the notion of

antivitamin K. Bull. soc. chim. biol., 25: 80-87, 1943.

352. MEUNIER, P., MENTZER, C. AND LAJUDIE, J. : Antivitamins K (IV) Hemorrhagic activity of the salicylic acid

series. Bull. soc. chins. biol., 29: 977-981, 1947.

353. MEUNIER, P., MENTZER, C. AND MOLHO, D. : Antivitamin K hemorrhagic activity of an indandione. Conipt.

rend. Acad. d. sc., 224: 1666-1667, 1947.

354. MEUNIER, P., MKNTZER, C. AND VINET, A. : Monocoumarin derivatives with antivitamin K activity. Helv.

chimn. Acts, 29: 1291-1297, 1946.

355. MEYER, 0. AND HOWARD, B. : Production of hypoprothronibinensia and hypocoagulability of the blood with

salicylates. Proc. Soc. Exper. Biol. & Med., 53: 234-237, 1943.

356. MILHET, M. F. : La thromboplastine et sea troubles, Imprimnerie des Beaux-Arts, 1949.

357. MILLER, J. A. W. AND DRUCQUER, J. K.: Case of Dicumarol poisoning. Brit. M. J., 2: 904, 1948.

358. MILLER R., HARVEY, W. P. AND FINCH, C. A.: Antagonism of Dicumarol by vitamin K preparations. New
England J. Med., 242: 211-215, 1950.

359. MILLS, 0. A.: Chemical nature of tissue coagulins. J. Biol. Chem., 46: 135, 1921.

360. MILSTONE, J. H.: Activation of prothrombin by platelets plus globulin. Proc. Soc. Exper. Biol. & Med., 68: 225-

228, 1948.

361. MOLDAVSKY, L. F., HAS5ELBROOK, W. B. AND CATENO, 0.: Studies in mechanisms of penicillin action. I. Peni-

cillin effects on blood coagulation. Science, 102: 38-40, 1945.

362. MOLHO, D., MORAUX, J. AND MEUNIER, P.: Antivitamins K. V. Hemorrhagic activity in rabbits of 2-methoxy.
l,4-naphthoquinone and related compounds. Bull. soc. chim. biol., 30: 637-642, 1948.

363. MOLONEY, W. C., EGAN, W. J. AND GORMAN, A. J.: Acquired afibrinogenemia in pregnancy. New England J.

Med., 240: 596-598, 1949.

364. MoSES, 0.: Effect of digitalis, epinephrine and surgery on the response to heparin. J. Lab. & Olin. Med., 30:

603-607, 1945.

365. MOSONYI, L., PAL05, L. A. AND KOMAROMY, J.: Penicillin and blood coagujation. Orvosi Hetilap, 89: 545-550,

1948.

366. MOSONYI, L., PALOS, L. A. AND KOMAROMY, J.: Penicillin and blood coagulation. Acts med. Scandinav., 135:
458-464, 1949.

367. Moss, N. H., SCHAFER, R. L. AND KIRBY, C. K.: Anticoagulant effect of Dicoumarol at Various prothrombin
levels in dogs. Proc. Soc. Exper. Biol. & Med., 69: 143-145, 1948.

368. MUIR, J. D.: Activity of heparin in Pitkin’s menstruum. Lancet, 2: 671-672, 1950.
369. MULFORD, D. J.: Derivatives of blood plasma. Ann. Rev. Physiol., 9: 327-356, 1947.

370. MUNRO, F. L. AND LUPTON, A. M.: The influence of Dicumnarol treatment of rabbits, rats and dogs on the throrn-
boplastic activity of their brain suspensions. Arch. Biocheni., 15: 245-250, 1947.

371. VON MURALT, G. AND HIRSIGER, W.: Prothrombin level of human blood on high mountains. Helv. physiol.

et Pharmacol. Acts, 6: 626-638, 1948.
372. MURRAY, G. D. W. AND BEST, C. H.: Use of heparin in thrombosis. Ann. Surg. 108: 163-177, 1938.

373. MURRAY, D. W. G., JAQUES, L. B., PERRETT, T. S. AND BEST, C. H.: Heparin and vascular occlusion. Canad.

M. A. J., 35: 621-622, 1936.

374. MURRAY, D. W. G., JAQUES, L. B., PERRETT, T. S. AND BEST, 0. H.: Heparin and the thrombosis of veins fol-
lowing injury. Surgery, 2: 163-187, 1937.

375. MUSHETP, C. W. AND SEELER, A. 0.: Hypoprothrombinemia resulting from the administration of sulfaquin-

oxaline. J. Pharmacol. & Exper. Therap., 91: 84-91, 1947.

376. MYLON, E., WINTERNITZ, Xl. C. AND DE S�T�-NAGY, G. J.: The determination of fibrinogen with protamine.

J. Biol. Ohem., 143: 21-27, 1942.

377. NANNINGA, L. B.: Investigations on fibrinogen and thrombin, the second phase of blood coagulation. Thesis,
University of Amsterdam, 1947.



338 WALTER H. SEEGERS

378. NASSI, L. AND ULIVELLI, A. : In vitro action of streptomycin on the blood coagulation time. Boll. Soc. itsl. biol.

sper., 24: 956-958, 1948.

379. NEIVKRT, II. : Late secondary tonsillar hemorrhage. I. Studies on prothrombin and vitamin K. Arch. Otolaryng.,

42: 14-18, 1945.

380. NICHOL, E. S. : The use of anticoagulants in acute coronary insufficiency or impending niyocardial infarction.

South. M. J., 43: 565-574, 1950.

381. DE NICOLA, P. : L’estere etilico dell’acido di (4-ossicumaril) acetico e la caratteristiche biologische della sua atti-

vita anticoagulante. Il Farmaco, 4: 3-11, 1949.

382. DE NICOLA, P. AND R0STI, P. : Sulle fibrinogenopenie e ipoprotrombemie sperimentali da infusione di trombina.

Boll. Soc. ital. biol. sper., 25: 8-12, 1949.

383. NITSHK, G. A., JR., GERARDE, H. W. AND DEUTSCHE, H. F.: Prothrombin-time studies on human beings and

experimental animals. J. Lab. & Olin. Med., 32: 410-418, 1947.

384. NOLF, P.: The coagulation of the blood. Medicine, 17: 381-411, 1938.

385. NONNENBRUCK, W. AND SZYSKA, W. : Ueber einige neuartige Mittel (Euphyllin und andere Amine) zur Beseh-

leunigung der Blutgerinnung. Deutsches Arch. f. klin. Med., 134: 174-184, 1920.

386. NORRIS, R. F. AND BENNETT, M. C.: Plasma prothrombin values of mothers and infants at delivery: Further

studies including comparative values of the umbilical arteries and veins. Surg., Gynec. & Obst., 72: 758-763,

1941.

387. NYGAARD, K. K.: Hemorrhagic diseases, Mosby, 1941.

388. OBATA, 1. : On the nature of eclampsia. J. Immunol., 4: 111-139, 1919.

389 OLwIN, J. H.: The control of Dicumarol therapy. Am. J. M. Sc., 217: 427-437, 1949.

390. OVERMAN, R. S. AND WRIGHT, I. S.: A new clotting inhibitor. J. Biol. Chem., 174: 759-760, 1948.

391 . OVERMAN, R. S. AND WRIGHT, I. S. : The effect of aminophyllin on the prothrombin timne of normal human plasma

Am. Heart J., 39: 65-68, 1950.

392. OVERMAN, R. S. AND WRIGHT, I. S. : Prothrombin time determinations on patients with mnyocardial infarction.

J. Am. M. A., in press.

393. OVERMAN, R. S., SORENSON, C. W. AND WRIGHT, I. S. : The effectiveness of synthetic water soluble vitamin K
preparations in Dicumarol induced hypoprothrombinemia. J. Am. M. A., 145: 393-399, 1951.

394. OVERMAN, R. S., STAHMANN, M. A., HUEBNER, C. F., SULLIVAN, W. R., SPERO, L., DOHERTY, D. G., IKAWA,

M., GRAF, L., ROSEMAN, S. AND LINK, K. P. : Studies on the hemorrhagic sweet clover disease. XIV. Anti-

coagulant activity and structure in the 4-hydroxycoumarin group. J. Biol. Ohem., 153: 5-24, 1944.

395. OWEN, C. A. AND BOLLMAN, J. L.: Prothrombin conversion factor of Dicoumarol plasma. Proc. Soc. Exper.
Biol. & Med., 67: 231-234, 1948.

396. OWEN, 0. A., HOFFMAN, G. R., zIFFREN, S. E. AND SMITH, H. P.: Blood coagulation during infancy. Proc. Soc.

Exper. Biol. & Med., 41: 181-185, 1939.

397. OWEN, G. C. AND BRADFORD, H. A.: The prothrombinopenic effect of massive salicylate therapy in acute rheu-
Inatic fever. Ann. Int. Med., 25: 97-102, 1946.

398. OWREN, P. A.: The coagulation of blood. Acts med. Scandinav., Suppl. No. 194, 1947.

399. OWREN, P. A.: A new, previously unknown clotting factor. Scandinav. J. Olin. & Lab. Invest., 1: 162, 1949.

400. OWREN, P. A.: The diagnostic and prognostic significance of plasma prothrombin and factor V levels in paren-

chymatous hepatitis and obstructive jaundice. Scandinav. J. Lab. & Olin. Med., 1: 131-140, 1949.

401. OWREN, P. A.: Acts med. Scandinav., 2nd Congress of International Medicine, 1950, in press.

402. PAGE, E. W., FULTON, L. D. AND GLENDENING, M. B.: The cause of the blood coagulation defect following abrup-

tio placentse. Am. J. Obat. & Gynec., in press.

403. PALMER, J. D. AND GUNDERSEN, S. M.: The effect of Dicumarol on the erythrocyte sedimentation rate in normal
man. New England J. Med., 239: 818-819, 1948.

404. PAL05, L. A.: Oxygen metabolism and thrombin activation. Schweiz. med. Wchnschr., 78: 112-115, 1948.
405. PALOS, L. A.: Respiration and blood coagulation. Acts med. Scandinav., 134: 221-224, 1949.

406. PAPPENHEIMER, A. M. AND Go5’rrscH, M.: A cerebellar disorder in chicks, apparently of nutritional origin.
J. Exper. Med., 53: 11-26, 1931.

407. PARKIN, T. W. AND KVALE, W. F.: Neutralization of anticoagulant effects of heparin with protamine (Salmine).

Am. Heart J., 37: 333-342, 1949.

408. PARKIN, T. W., HALL, B. E. AND WATKINS, C. H.: Experience with antiheparin compounds in essential thrombo-

cytopenic purpura. Proc. Staff Meet., Mayo Olin., 23: 309-316, 1948.

409. PARRY, T. G. W. AND LASZLO, G. C.: Thrombin technique in ophthalmic surgery. Brit. J. Ophth., 30: 176-178,

1946.

410. PATTON, T. B., WARE, A. G. AND SEEGERS, W. H.: Clotting of plasma and silicone surfaces. Blood, 3: 656-659,

1948.

411. PERE, S. A. N.: The effect of digitalis, strophanthin, and noVurit on blood coagulation. Thesis, University of

Helsinki, 1950.
412. PERMIN, P. M.: Undersdgelser over fibrinolytiske enzymer, Store Nordiske Videnskabeboghandel, 1949.
413. PETERS, H. R., DOENGE5, J. P. AND BRAMBEL, C. E.: Further experiences with Dicumarol therapy in coronary

thrombosis. South. M. J., 41: 526-534, 1948.
414. PETERS, H. R., GUYTHKR, J. R. AND BRAMBEL, C. E.: Dicumarol in acute coronary thrombosis. J. Am. M. A.,

130: 398-403, 1946.
415. PHELPS, E. T.: The dangers of Dicumarol therapy. M. Olin. North America, 34: 1791-1800, 1950.

416. PICKERING, J. W.: The blood plasma in health and disease, Macmillan, 1928.



INFLUENCE OF CERTAIN DRUGS ON BLOOD COAGULATION 339

417. PILCUER, 0. AND MEACHAM, W. F.: Absorbable gelatin sponge and thrombin for hemostasis in neurosurgery:

Experimental and clinical observations. Surg., Gynec. & Obat., 81: 365-369, 1945.

418. PIPER, J. : Influence of synthetic polysaccharid sulfuric acid esters on the thrombocytes in Vivo and in vitro.
Acta physiol. Scandinav., 9: 28-38, 1945.

419. PIPER, J. : The anticoagulant effect of heparin and synthetic polysulphuric acid esters. Acts pharmacol. et toxicol.,
2: 138-148, 1946.

420. PIPER, J. : Toxicology of synthetic polysaccharide polysulphuric acid esters. Acts pharmacol. et toxicol., 2: 317-

328, 1946.
421. PIPER, J.: The fate of heparin in rabbits after intravenous injection. Filtration and tubular secretion in the kid-

neys. Acta pharmacol. et toxicol., 3: 373-384, 1947.

422. PONKA, J. L. AND LAM, C. R. : Effect of asphyxia on blood coagulation in dogs. Proc. Soc. Exper. Biol. & Med..
68: 334-336, 1948.

423. PRANDONI, A. AND WRIGHT, I. The anti-coagulants. Heparin and the dicoumarin-3,3’.methylene-bis (4-hydroxy.
coumarin). Bull. New York Acad. Med., 18: 433-458, 1942.

424. PUHARICH, H. K. AND GOETZL, F. R.: Influence of digitalis and other digitaloid drugs on blood coagulation.
Permanente Found. (Oakland, Calif.), M. Bull., 5: 97-110, 1947.

425. PULASKI, E. J., REICHEL, H. AND VOORHEES, A. B., Ja.: Effects of adrenoxyl on blood coagulation mechanism
and vasomotor response. Proc. Soc. Exper. Biol. & Med., 70: 504-507, 1949.

426. PULVER, R. AND VON KAULLA, K. N. : Ueber Resorption und biologische Inaktivierung des neuen Antithromboti-
cums Tromexan. Schweiz. med. Wchnschr., 78: 956-965, 1948.

427. PUTNAM, T. J.: The use of thrombin on soluble cellulose in neurosurgery. Clinical application. Ann. Surg., 118:
127-129, 1943.

428. QUASTEL, J. H. AND RECKER, E.: Tissue anoxia and blood coagulation. Brit. J. Exper. Path., 22: 15-17, 1941.

429. QUICK, A. J. : J�s heparin an antiprothrombin? Proc. Soc. Exper. Biol. & Med., 35: 391-392, 1936.

430. QUICK, A. J.: The coagulation defect in sweet clover disease and in the hemorrhagic chick disease of dietary on-
gin. Am. J. Physiol., 118: 260-271, 1937.

431. QUICK, A. J.: The normal antithrombin of the blood and its relation to hepanin. Am. J. Physiol., 123: 712-719,
1938.

432. QUICK, A. J.: The hemorrhagic diseases, C. C Thomas and Co., 1942.

433. QUICK, A. J. : The anticoagulants effective in vivo with special reference to hepanin and Dicumarol. Physiol.
Rev., 24: 297-318, 1944.

434. QUICK, A. J. : Experimentally induced changes in the prothrombin level of the blood. I. Quantitative studies in
dogs given Dicumarol. II. The effect of methylxanthines on prothrombin per se and when administered with

Dicumarol. J. Biol. Chem., 161: 33-44, 1945.

435. QUICK, A. J.: On the quanti�.ative estimation of prothrombin. Am. J. Olin. Path., 15: 560-566, 1945.

436. QUICK, A. J.: Experimentally induced changes in the prothrombin level of the blood. III. Prothrombin con-
centration of new-born pups of a mother given Dicumarol before partunition. J. Biol. Chem., 164: 371-376,

1946.

437. QUICK, A. J.: Antibiotics and blood coagulation. J. Am. M. A., 142: 505, 1950.

438. QUICK, A. J. AND STEFANINI, M.: Experimentally induced changes in the prothrombin level of the blood. IV.
The relation of vitamin K deficiency to the intensity of Dicoumarol action and to the effect of excess vitamin

A intake; with a simplified method for vitamin K assay. J. Biol. Chem., 175: 945-952, 1948.

439. QUICK, A. J., SHANBERGE, J. N. AND STEFANINI, M.: The effect of heparin’on platelets in vivo. J. Lab. & Olin.
Med., 33: 1424-1430, 1948.

440. QUINBY, W. 0.: Hemoststis by thrombin and fibrin foam in suprapubic prostatectomy: An analysis of 40 cases.
New England J. Med., 235: 609-612, 1946.

441. RAMSEY, H., PINSCHMIDT, N. W. AND HAAG, H. B.: The effect of digitalis upon coagulation time of the blood.

J. Pharmacol. & Expen. Therap., 85: 159-169, 1945.

442. RAPOPORT, S., WING, M. AND GUEST, G. M.: Hypoprothrombinemia after salicylate administration in man
and rabbits. Proc. Soc. Exper. Biol. & Med., 53: 40-41, 1943.

443. RATcLwF, R. K. AND PLUMB, R. T.: The use of thrombin in the control of postproststic resection blood loss.
Urol. & Outan. Rev., 50: 199-201, 1946.

444. RAVDIN, I. S. AND JOHNSTON, C. G.: Heparin. Am. J. M. Sc., 201: 299-302, 1941.

445. READING, P.: Some uses of thrombin in the surgery of the ear, nose, and throat. Brit. M. J., 2: 295-296, 1946.

446. REINER, L., DE BEER, E. J. AND GREEN, M.: Toxic effects of some basic proteins. Proc. Soc. Exper. Biol. & Med.,
50: 70-74, 1942.

447. VON REINIS, Z. AND KUBIE, M.: Klinische Erfahrungen mit einem neuen Prtparat der Cumaninreihe. Schweiz.

med. Wchnschr., 78: 785-790, 1948.

448. RICHARDs, R. K.: Influence of fever upon the action of 3,3’-methylenebis-(4-hydroxy-coumanin) (Dicumarol).
Science, 97: 313, 1943.

449. RICHARDS, R. K. AND STEGGERDA, F. R.: Dicumarol (3,3’-methylenebis-(4-hydroxy-coumanin)) in rats with
impaired liver or kidney function. Proc. Soc. E.xpen. Biol. & Med., 52: 358-360, 1943.

450. RICHTER, I. H., FIBER, H. B. AND LOEWE, L.: Subeutaneous hepanin in the treatment of arterial throm-

bolic diseases. Preliminary report. Surgery, 22: 489-495, 1947.

451. RIEBEN, W. K.: Beobachtungen mit einer neuen Prothrombinbestimmungsmethode. Helvet. med. Acts, 13:

295-303, 1946.

452. RIGGs, D. S.: Anticoagulants. New England J. Med., 242: 179-184, 1950.



340 WALTER H. SEEGERS

453. ROBLIN, R. 0., JR.: Metabolite antagonists. Ohem. Rev., 38: 255-377, 1946.
454. ROGERs, T. M.: Management of gastric hemorrhage using topical thrombin. J. Am. 54. A., 137: 1035-1036, 1948.

454a. ROHWER, S. A. U. S. D. A. Interdepartmental Comm. Pest Control, June 29, 1950. Warfanin, a coined name

for the anticoagulant rodenticidal chemical 3-(a.acetonylbenzyl)-4-hydroxycoumanin with an attachment on

the chemistry and physiological actions prepared by Karl Paul Link 1/20/1950.

455. ROSE, C. L., HARRIS, P. N. AND CHEN, K. K.: Toxicity of 3,3’.methylenebis (4-hydroxycoumanin). Proc. Soc.
Exper. Biol. & Med., 50: 228-232, 1942.

456. ROSENFIELD, R. E. AND Ttra-r, H. S.: Preliminary observations on the adsorption of prothrombin by barium

sulfate. Arch. Biochem., 16: 329-332, 1948.

457. ROSKAM, J. AND DEROUAUX, G.: H#{233}mostase spontan#{233}e et r#{233}activite adr#{233}nergique. Arch. internat. de pharma-

codyn. et de th#{233}rap.,69: 12, 1943.

458. RO5KAM, J., DEROUAUX, G., MEYB, L. AND SWALUE, L.: Un nouVel h#{233}mostatique biologique: in monosemi-

carbazone d’adr#{233}nochrome o Ii adr#{233}noxyl. Arch. internat. de pharmacodyn. et de th#{233}rap., 74: 162-175, 1947.

459. Rosa, S., BURKE, F. G., RICE, E. C., SCHOENBACH, E. B., Blscsmosw, H. AND WASHINGTON, J. A. : Aureomycin:

Preliminary report of a clinical trial. Olin. Proc. Child. Hosp., 4: 315-331, 1948.
460. Rowrl, P. : Action of Dicumarol on thromboplastic activity of the rabbit brain. Boll. ist. sieroterap milan, 27:

122-128, 1948.

461. SAH, P. P. T.: Synthesis of 3-methyl-4-anilno-l-naphthol hydrochloride (vitamin Kl) and related vitamin-K-

active compounds. Hormon. u. Formentfonsch., 3: 324-345, 1949-50.

462. SAKURAI, K.: Studies on toxicity of human placenta upon rabbits and its accelerating influence upon coagulation

of blood, and on its chemical nature. Sei-I-Kwai M. J., 48: 4-6, 1929.

463. SALVINI, M., FERUOLIO, F. S. AND MIANI, P.: Anticoagulants and lactation. Boll. Soc. ital. biol. sper., 24: 991-
993, 1948.

463a. SCHEEL, L. D.: Doctoral Dissertation, Universityof Wisconsin, June, 1949.

464. SCHENKER, N. P.: Thrombosis and embolism. Motion picture, The international and Fourth American Congress

on Obst. & Gynec., N. Y., 1950.

465. SCHERF, D. AND SCHLACHMAN, M.: The effect of methylxanthines on the prothrombin time and the coagulation

of the blood. Am. J. M. Sc., 212: 83-89, 1946.
466. SCHMORL, G. : Pathologisch anatomische Untersuchungen fiber Puerpural Eklampsie, F. C. W. Vogel, 1893.

467. SCHNEIDER, C. L.: Desensitization of mice to placental toxin. Am. J. Physiol., 147: 250-254, 1946.

468. SCHNEIDER, C. L. : Inactivation of placental toxin by human serum. Am. J. Physiol., 146: 140-145, 1946.

469. SCHNEIDER, C. L.: Liver necrosis in mice following injection of toxic extracts of progestational endometnium and

of placenta. Proc. Soc. Exper. Biol. & Med., 62: 325-328, 1946.
470. SCHNEIDER, C. L.: Placental toxin: Inactivation and tolerance during pregnancy. Am. J. Physiol., 147: 255-

259, 1946.

471. SCHNEIDER, C. L.: Toxic principle from progestational endometrium and placenta. Proc. Soc. Exper. Blot. &

Med., 62: 322-325, 1946.

472. SCHNEIDER, C. L.: Active principle of placental toxin: Thromboplastin; its inactivator in blood: Antithrombo-

plastin. Am. J. Physiol., 149: 123-129, 1947.

473. SCHNEIDER, C. L.: Complications of late pregnancy in rabbits induced by experimental placental trauma. Sung.,

Gynec. & Obst., 90: 613-622, 1950.

474. SCHNEIDER, C. L.: Thromboplastin complications of late pregnancy. Ciba Foundation Symposium on Toxemia
of Pregnancy in animals and in woman. J. and A. Churchill, 163-181, 1950.

475. SCHNEIDER, C. L.: “Fibrin embolism” (disseminated intravascular coagulation) with defibnination as one of

the end results, during placenta abruptio. Sung., Gynec. & Obst., 92: 27-32, 1951.
476. SCHNEIDER, C. L.: Thromboplastin complications of pregnancy. Bull. Margaret Hague Maternity Hosp., in

press.

477. SCHNEIDER, C. L.: Relationship of fibnin embolism (disseminated intravascular coagulation) to the etiology of

eclampsia. In preparation for the J. Obst. & Gynec., British Empire.

478. SCHNEIDER, C. L.: Unpublished data.

479. SCH#{246}NHOLZER, G. AND VON SINNER, F.: The fibninogen content of blood plasma on high mountains. Helv. phys-

iol. et Pharmacol. Acts, 6: 639-648, 1948.

480. SCHULTZE, H. E.: Neuere Erkenntnisse fiber des Prothrombin und des Accelerator-globulin von Seegers.
Deutsche med. Wchnschr., 75: 607-611, 1950.

481. SEARLS, P. W.: The effect of certain anesthetics on the blood. J. Am. M. A., 113: 906-909, 1939.

482. SEARLS, P. W. AND ESSEX, H. E.: Changes in blood in course of ether anesthesia and sodium amytal anesthesia.

Proc. Staff Meet., Mayo Olin., 11: 481-483, 1936.
483. SEEGERS, W. H.: Purification oP prothrombin and thrombin: Chemical properties of purified preparations.

J. Biol. Ohem., 136: 103-111, 1940.

484. SEEGERS, W. H.: Activation of purified prothrombin. Proc. Soc. Exper. Biol. & Med., 72: 677-680, 1949.
485. SEEGERS, W. H.: Blood coagulation and the practical significance of recent advances in knowledge of pro-

thrombin and Ac-globulin. Circulation, 1: 2-9, 1950.

486. SEEGKRS, W. H.: Factors in the control of bleeding. Cincinnati J. Med., 31: 395-402, 1950.

487. SEEGERS, W. H.: Blood coagulation. Chapter in The Enzymes, Vol. 2, Academic Press, Inc., 1951.

488. SEEGERS, W. H. AND MCCLAUGHRY, R. I.: Production of an inactive derivative of purified prothrombin by

means of purified thrombin. Proc. Soc. Exper. Biol. & Med., 72: 247-249, 1949.
489. SEEGERS, W. H. AND MCGINTY, D. A.: Further purification of thrombin. Probable purity of products. J. Biol.

Obem., 146: 511-518, 1942.



INFLUENCE OF CERTAIN DRUGS ON BLOOD COAGULATION 341

490. SEEGERS, W. H. AND SCHNEIDER, C. L. : The nature of the blood coagulation mechanism and its relationship

to some unsolved problems in obstetrics and gynecology. Fourth International and American Congress on

Obstetrics and Gynecology, New York, in press.

491. SEEGERS, W. H. AND SHARP, E. A.: Hemostatic agents, C. C Thomas and Co., 1948.

492. SEEGEBS, W. H. AND SMITH, H. P. : The purification of prothrombin. J. Biol. Chem., 140: 677-678, 1941.

493. SEEGERS, W. H., ANDREWS, E. B. AND MCCLAUGRRY, R. I.: Formation of prothrombin derivatives from purified

prothrombin. Am. J. Physiol., 164: in press.

494. SEEGERS, W. H., BRINICHOUS, K. M., SMITH, H. P. AND WARNER, E. D.: The purification of thrombin. J. Blot.

Chem., 126: 91-95, 1938.

495. SEEGERS, W. H., LooMIs, E. C. AND VANDENBELT, J. M.: Preparation of prothrombin products: Isolation of

prothrombin and its properties. Arch. Biochem., 6: 85-95, 1945.

496. SEEGERS, W. H., WARNER, E. D., BRINKHOUS, K. M. AND SMITH, H. P.: The use of purified thrombin as an

hemostatic agent. Science, 89: 86, 1939.
497. SEELER, A . 0., MUSHEI-r, C. W., GRAESSLE, 0. AND SILBER, R. H. : Pharmacological studies on sulfaquinoxaline.

J. Pharmacol. & Expen. Therap., 82: 357-363, 1944.

498. SEIFTER, J. AND BEGANY, A. J.: Studies on the action of a synthetic hepaninoid. Am. J. M. Sc., 216: 234-235,

1948.

499. SELANDER, P. AND BERNIce, B. : Des Prothrombin bei Sluglingen bei lussenen Salicylsauerapplikation. Ann.

Paediat., 169: 404-406, 1947.

500. SPLYE, H.: The general adaptation syndrome and the diseases of adaptation. J. Olin. Endocninol., 6: 117-230,

1946.

501. SHAPIRO, S.: Studies on prothrombin. VI. Effect of synthetic vitamin K on prothrombinopenia induced by

salicylate in man. J. Am. M. A., 125:646-548,1944.
502. SHAPIRO, S.: Anticoagulant therapy in the treatment of thrombosis. Hebrew M. J., June, 1947.

503. SHAPIRO, S. AND WEINER, M.: Coagulation, thrombosis and Dicumarol, Brooklyn Medical Press, 1949.
504. SHAPIRO, S., REDISH, M. H. AND CAMPBxnn, H. A.: Prothrombin studies. III. Effect of vitamin K upon hype-

prothroznbinemia induced by Dicumarol in man. Proc. Soc. Exper. Biol. & Med., 52: 12-15, 1943.

505. SHAPIRO, S., REDISH, M. H. AND CAMPBELL, H. A. : Studies on prothrombin. IV. The prothrombopenic effect

of salicylates in man. Proc. Soc. Exper. Biol. & Med., 53: 251-254, 1943.

506. SHAPIRO, S., WIENER, M. AND SIMS0N, G.: The effect of water-soluble preparations of vitamin K in Dicumarol-

induced hypoprothrombinemia. New England J. Med ., 243: 775-779, 1950.

507. SHAPSE, J. B. AND WRIGHT, L. T.: Effect of aureomycin on the clotting time of the blood. Angiology, 1: 306-

311, 1950.

508. SHELLEY, W. B., HODGEINS, M. P. AND VIsSCHER, M. B.: Studies on the toxicity of protamine. Proc. Soc. Expen.

Biol. & Med., 50: 300-304, 1942.

509. SHERRY, S., JOHNSoN, A. awn TnLrrr, W. S.: The action of streptococcal desoxynibose nuclease (streptodornase)

in vitro and on purulent pleural e.xudations of patients. J. Olin. Investigation, 28: 1094-1104, 1949.

510. SIRASAKA, T.: The influence of various pharmaceutical agents on the bleeding time and amount of bleeding.
II. The action of some cardio-tonic drugs. Okayama-Igakkai-Zasshi (Mitt. med. Gee. Okayama), 53: 193-

204, 1941.

511. SMITH, 0. 0.: Antagonism of the hemorrhagic syndrome induced by derivatives of 3-hydroxyl-l,4-naphtho-

quinone. Proc. Soc. Exper. Biol. & Med., 64: 45-50, 1947.
512. SMITH, C. C.: Absence of hemorrhagic inducing activity in phthiocol derivatives with a basic nitrogen in side

chain. Proc. Soc. Exper. Blot. & Med., 73: 562-563, 1950.
513. SMITH, C. C., FRADKIN, R. AND LOCKEY, M. D.: A hemorrhagic syndrome induced by derivatives of 3-hydroxy-

1,4-naphthoquinone. Proc. Soc. Exper. Biol. & Med., 61: 398-403, 1946.

514. SMITH, H. P.: Blood. Ann. Rev. Physiol., 4: 245-272, 1942.

515. SMITH, H. P. AND FLYNN, J. E.: The coagulation of blood. Ann. Rev. Physiol., 10: 417-444, 1948.

516. SMITH, H. P., WARNER, E. D. AND BRINKHOU8, K. M.: Pnothrombin deficiency and the bleeding tendency in

liver injury (chloroform intoxication). J. Exper. Med., 66: 801-811, 1937.

517. SMITH, P. K.: Certain aspects of the pharmacology of the salicyiates. Pha.rmacol. Rev., 1:353-382, 1949.

518. SMITH, R. W., MARGULIS, R. R., BRENNAN, M. J. AND MONTO, R. W.: The influence of ACTH and cortisone

on certain factors of blood coagulation. Science, 112:295-297, 1950.

519. SOBOTKA, H. AND ADELMAN, N.: Shortening of bleeding time by a water soluble adrenochrome derivative. Proc.

Soc. Exper. Biol. & Med., 75: 789-791, 1950.
520. SoxoLosir, L. AND FERRER, M. J.: Effect of digitalization on the coagulation time in man. Proc. Soc. Exper.

Biol. & Med., 59: 309-311, 1945.

521. SOLANDT, D. U. AND BEST, C. H.: Heparmn and coronary thrombosis in experimental animals. Lancet, 2: 130-

132, 1938.

522. SOLOMON, 0., MCNEILE, H. J. AND LANGE, R.: Experience with the newanticoagulant, B. 0. E. A. J. Lab. &
Olin. Med., 36: 19-22, 1950.

523. SORBYE, 0.: Demonstration of new accelerators in prothrombin activation. Proc. XVIII International Physio

logical Congress: 459-460, 1950.

524. SORBYE, 0., KRUSE, I. AND DAM, H.: The factor in vitamin K-deficient plasma which accelerates the coagula-

tion of Dicumarol plasma. Acta chem. Scandinav., 4: 549-550, 1950.

525. SORENSON, 0. W. AND WRIGHT, I. S.: A synthetic anticoagulant: a polysulfunic acid ester of polyanhydroman-

nuronic acid (paritol). Circulation, 2: 658-667, 1950.



342 WALTER H. SEEGERS

526. SORENSON, C. W., SEIFTER, J. AND WRIGHT, I. S. : A new synthetic anticoagulant (hepaninoid) : Preliminary

report of its action in humans. Bull. New York Acad. Med., 25: 448, 1949.

527. SOULIER, J. AND GUEGUEN, J. : Action hypoprothrombinemiante (anti-K) de la phinyl-indanedione itudi#{233}e

experimentalement chez le lapin. Son application chez l’homme. Compt. rend. Soc. de biol., 141: 1007-1111,
1947.

528. Soui.IER, J. P. AND KOUPERNIK, C. : Constant occurrence of fibninolysis during acetylcholine induced shock

Le Sang, 19: 362-369, 1948.

529. SPINES, J. W. T. AND JAQUES, L. B.: Tracer experiments in mammals with Dicoumarol labelled with carbon14

Nature, 166: 184, 1950.

530. SPOONER, M. AND MEYER, 0. 0.: The effect of Dicumarol (3,3’-methylenebis (4-hydroxycoumarin) ) on platelet

adhesiveness. Am. J. Physiol., 142: 279-283, 1944.

531. STAHMANN, M. A., GRAF, L. H., HUEBNER, C. F., ROSEMAN, S. AND LINK, K. P.: Studies on 4-hydroxycouma-

rins. IV. Esters of the 4-hydroxycoumarins. J. Am. Chem. Soc., 66: 900-902, 1944.

532. STAHMANN, M. A., WOLFF, I. AND LINK, K. P. : Studies on 4-hydroxycoumarins. I. The synthesis of 4-hydroxy-

coumanins. J. Am. Ohem. Soc., 65: 2285-2287, 1943.

533. STATS, D. AND NEUHOF, H.: Concentrated hepanin aqueous: New form of intramuscular injection. Am. J. M.

Sc., 214: 159-162, 1947.

534. STKFANINI, M. AND BLANCHAER, M. C.: Action of Dicoumarol on thromboplastic activity of rabbit brain. Proc.

Soc. Exper. Biol. & Med., 64: 47-50, 1947.

535. STEFANINI, M. AND PETRILLO, E.: Influence of some substances on the prothrombin time of human plasma in
vitro. Boll. Soc. ital. blot. sper., 22: 366-367, 1946.

536. STEFANINI, M. AND PISCIOTTA, A. V. : Rate of disappearance of prothrombin from the circulation. Science, 111:

364, 1950.

537. STEVENS, D. L. AND KAPLAN, D. B.: Salicylate intoxication in children: Report of 4 cases. Am. J. Dis. Child.,

70: 331-335, 1945.

538. STRAITH, C. L. AND MCEVITT, W. G. : Total avulsion of the scalp. Occup. Med., 1: 451-462, 1946.

539. STRAUSZ, I. : Effect of penicillin on blood clotting in vitro. Orv. Lapja, 3: 73-74, 1948.

540. SULLIVAN, W. R., GANGSTAD, E. I. AND LINK, K. P. : Studies on the hemorrhagic sweet clover disease. XII.
The effect of 1-ascorbic acid on the hypoprothrombinemia induced by 3,3’-methylenebis-(4-hydroxycoumanin)

in the guinea pig. J. Biol. Chem., 151: 477-485, 1943.

541. SULLIVAN, W. R., HUEBNER, 0. F., STAHMANN, M. A. AND LINK, K. P.: Studies on 4-hydroxycoumanins. II.
The condensation of aldehydes with 4-hydroxycoumanins. J. Am. Ohem. Soc., 65: 2288-229!, 1943.

542. SUPEK, Z.: Digitalis compounds and blood coagulation. Arch. internat. de pharmacodyn. et de thirap., 77:

175-185, 1948.

543. SURGENOR, D. M., ALEXANDER, B., GOLDSTEIN, R. AND SCHMID, K.: A system for the separation of the protein

components of human plasma. II. J. Phys. & Coll. Ohem., 55: 94-101, 1951.

544. SUTTON, G. C.: Studies on blood coagulation and the effect of digitalis. Circulation, 2: 271-277, 1950.

545. VON SYDOW, G.: Hypoprothrombinemia and cerebral injury in a newborn infant after dicoumarin treatment

of the mother. Nord. med., 34: 1171-1172, 1947.

546. SYKES, E. M., JR., SEEGERS, W. H. AND WARE, A. G.: Effect of acute liver damage on Ac-globulin activity of

plasma. Proc. Soc. Exper. Biol. & Med., 67: 506-507, 1948.
547. SYLV�N, B.: On the cytoplasmic constituents of normal tissue mast cells. VIIth International Congress Inter-

national Society for Cell Biology, 49-50, 1950.

548. SYLVAN, B.: Personal communication, August, 1950.
549. TAGNON, H. J.: The nature of the mechanism of the shock produced by the injection of trypsin and thrombin.

J. Olin. Investigation, 24: 1-10, 1945.

550. DR TAKATS, G.: Heparin tolerance. A test of the clotting mechanism. Sung., Gynec. & Obst., 77: 31-39, 1943.

551. DE TAKATS, G.: Nervous regulation of clotting mechanism. Arch. Sung., 48: 105-108, 1944.

552. EE TAKATS, G.: Anticoagulant therapy in surgery. J. Am. M. A., 142: 527-533, 1950.

553. DR TAKATS, G.: A sensitized clotting time. Angiology, 1: 317-333, 1950.

554. DR TAKATS, G., TRUMP, R. A. AND GILBERT, N. C.: The effect of digitalis on the clotting mechanism. J. Am.

M. A 125:840-845, 1944.

555. TALMASSE, V.: Modification of bleeding time after intravenous injection of thrombin. Compt. rend. Soc. de

biol., 144: 1265, 1950.
556. TALTAVULL, R. J., VEDOVE, A. D. AND MAURELLI, V. R.: Coagulation, bleeding and prothrombin time in pa-

tients receiving digitalis treatment. Revista Medics de Rosario, 36: 36, 1946. Quoted by the J. Am. M. A., 131:

871, 1946.

557. TANAKA, H.: Ueber den Einfluss des Strophanthins auf die Geninnbarkheit des Blutes. Okayama-Igakkai-

Zasshi. 40: 1817, 1928.
558. THAYER, S. A.: The relationship of vitamin K to hemorrhage and coagulation. Ann. New York Acad. Sc., 49:

518-524, 1948.

559. THOMA, K. H.: Oral surgery. New England J. Med., 240: 721-728, 1949.

560. THOMAS, L.: Studies on intravascular thromboplastic effect of tissue suspensions in mice; reaction of mice to
intravenous injections of sedimentable tissue component. Bull. Johns Hopkins Hosp., 81: 1-25, 1947.

561. THOMAS, L.: Studies in intravascular thromboplastic effect of tissue suspensions in mice; factor in normal rabbit

serum which inhibits thromboplastic effect of sedimentable tissue component. Bull. Johns Hopkins Hosp.,

81: 26-42, 1947.



INFLUENCE OF CERTAIN DRUGS ON BLOOD COAGULATION 343

562. THOMPSON, W. H.: Die physiologische Winkung den Protamine und ihrer Spaltungspnodukte. Ztschr. physiol.

Ohem., 29: 1, 1900.

563. THORDARSON, 0.: Hypenpnothnombinemla during pregnancy. Nature, 145: 305, 1940.

564. THORSIN, G.: Dicumarol poisoning with relapse. Lancet, 2: 420-422, 1947.

565. THUERER, G. R. AND ANGEVINE, D. M.: Influence of Dicumarol on streptococcic infection in rabbits. Arch.
Path., 48: 274-277, 1949.

566. TIDRICK, R. T. AND WARNER, E. D. : Fibnin fixation of skin transplants. Surgery, 15: 90-95, 1944.

567. TIDRICK, R. T., SEEGERS, W. H. AND WARNER, E. D.: Clinical experience with thrombin as an hemostatic agent.

Surgery, 14: 191-196, 1943.
568. TILLETT, W. S. : The fibninolytic activity of hemolytic streptococci. Bact. Rev., 2: 161-216, 1938.

569. TILLETT, W. S. AND SHERRY, S. : The effect in patients of streptococcal fibninolysin and streptococcal desoxy-

ribonuclease on fibrinous purulent, and sanguinous pleural exudations. J. Olin. Investigation, 28: 173-190,

1949.

570. TISHLER, M. AND EVANS, H. M.: Vitamin E activities of some compounds related to a-tocopherol. J. Biol. Chem.,

139: 241-245, 1941.
571. TOCANTINS, L. M.: The mammalian blood platelet in health and disease. Medicine, 17: 155-260, 1938.

572. TOCANTINS, L. M.: Cephalin, protamine and antithromboplastic activity of normal and hemophilic plasmas.

Proc. Soc. Expen. Blot. & Med., 54: 94-97, 1943.

573. TOCANTINS, L. M. : Hepaninemia. Blood, 3: 1304-1308, 1948.

574. TOCANTINS, L. M. AND CARROLL, R. T. : Activity curves of crude and purified inhibitors and accelerators of
blood coagulation. Proc. Soc. Exper. Blot. & Med., 69: 431-436, 1948.

575. TROLL, M. M. AND MENTEN, M. L.: Salicylate poisoning. Am. J. Dis. Child., 69: 37-43, 1945.

576. TUDORANU, G., To�oaas, P. AND PAVELESCU, C. : New effect of sulfonamides-role of thiol groups. La Sang,

20: 427-429, 1949.

577. UNGER, P. N. AND SHAPIRO, S. : Hypenprothrombinemia induced by vitamin K in human subjects with normal
liver function. Blood, 3: 137-146, 1948.

578. IJNGER, P. N., WEINER, M. AND SHAPIRO, S.: The vitamin K tolerance test. Am. J. Olin. P�th., 18: 835-851.

1948.

579. Used in Japan. (Also in America 20 years ago?)

580. UvNAS, B. : The plasma prothrombin level in cats and rabbits after excluding the liver from the circulation,

after stimulation of the splanchnic nerve and after intravenous injection of adrenalin. Acts physiol. Scandinav.,

3: 97-110, 1941.

581. VARTIAINEN, I. AND MARBLE, A. : The effect of the subcutaneous administration of protamine (salmine) to nab-
bits and mice. J. Lab. & Olin. Med., 26: 1416-1422, 1944.

582. VEIT, J. : iJeber Albuminunie in den Schwangerschaft. Em Beitrag zur Physiologie den Schwangerschaft. Berl.

kIm. Wchnschr., 39: 513-516, 1902.

583. VOLKERT, M.: Studies on the antithrombin content of the blood and its relation to hepanin. Acts physiol. Scan-

dinav., Suppl. No. 15, 1942.

584. VOSBURGH, 0. H. AND RICHARDS, A. N.: An experimental study of the sugar content and extravascular coagula-
tion of the blood after administration of adrenalin. Am. J. Physiol., 9: 35-51, 1903.

585. WAKIM, K. G., CHEN, K. K. AND GAivis, W. D.: The immediate effects of 3,3’-methylenebis (4-hydroxycouma-

nin) on experimental animals. Sung., Gynec. & Obst., 76: 323-326, 1943.

586. WAKIM, K. G., FINE, R. D. AND OHEN, K. K.: The influence of adrenalin on plasma prothrombin. Am. J. Phys-

iol., 145: 452-457, 1946.
587. WALKER, J., JR.: Efficacy of heparmn administered by intravenous, intramuscular, and subcutaneous routes

and study effect of five bacteniostatic agents on heparin action. Surgery, 17: 54-60, 1945.

588. WALKER, S. E., EYLKNBURG, E. E. AND MOORE, T.: The action of vitamin K in hypervitaminosis A. Biochem.

J., 41: 575-580, 1947.

589. WARE, A. G.: Blood coagulation. Univ. South. California Med. Bull., 2: 20-31, 1950.

590. WARE, A. G. AND SEEGERS, W. H.: Plasma accelerator globulin: Partial purification, quantitative detenmina-

.tion and properties. J. Biol. Ohem., 172: 699-705, 1948.

591. WARE, A. G. AND SEEGERS, W. H.: Studies on prothrombin: Purification, inactivation with thrombin, and

activation with thromboplastin and calcium. J. Biol. Ohem., 174: 565-575, 1948.

592. %%ARE, A. G. AND SEEGERS, W. H.: Two-stage procedure for the quantitative determination of prothrombin

concentration. Am. J. Olin. Path., 19: 471-482, 1949.
593. WARNER, E. D.: Plasma prothrombin: Effect of partial hepatectomy. J. Exper. Med., 68: 831-835, 1938.

594. WARNER, E. D.: Vitamin K deficiency. M. Olin. North America, 27: 371-378, 1943.
595. WARNER, E. D. AND OWEN, 0. A.: Hypopnothrombinemia in pernicious anemia. Am. J. M. Sc., 203: 187-191,

1942.

596. WARNER, E. D., BRINKMOUS, K. M. AND SMITH, H. P.: A quantitative study on blood clotting; prothrombin

fluctuations under experimental conditions. Am. J. Physiol., 114: 667-675, 1936.
597. WARNER, E. D., BRINKHOUS, K. M., SEEGERS, W. H. AND SMITH, H. P.: Further experience with the use of

thrombin as a hemostatic agent. Proc. Soc. Expen. Biol. & Med., 41: 655-657, 1939.

598. WARREN, S. AND DRAKGER, R. H.: The pattern of injury produced by the atomic bombs at Hiroshima and
Nagasaki. U. S. Nay. M. Bull., 46: 1349-1353, 1946.

599. WEINER, A. E., REID, D. E. AND ROBY, C. C.: Coagulation defects associated with premature separation of

the normally implanted placenta. Am. J. Obst. & Gynec., 60: 379-386, 1950.



344 WALTER H. SEEGERS

600. WEINER, A. E., REID, D. E., ROBY, C. C. AND DIAMOND, L. K.: Coagulation defects with intra-uterine death

from Rh isosensitization. Am. J. Obet. & Gynec., 60: 1015-1022, 1950.

601. WEINER, L. AND WALD, A. H.: Fibrin foam and thrombin as used in the surgical removal of a large fibromyxoma

of the mandible. J. Am. Dent. A., 33: 731-735, 1946.

602. WEINER, M., SHapIRO, S., AXELROD, J., COOPER, J. R. AND BRODIE, B. B. : The physiological disposition of
Dicumarol in man. J. Pharmacol. & Expen. Therap., 99: 409-420, 1950.

603. WERCH, S. C. : Reduction of coagulation time of rabbits’ blood by digitalis. Quart. Bull., Northwestern Univ.

M. School, 17: 50-51, 1943.

604. WHIPPLE, G. H. AND HURWITZ, S. H.: Fibrinogen of the blood as influenced by the liver necrosis of chloroform

poisoning. J. Expen. Med., 13: 136-161, 1911.
605. WIER, R. H., EGAN, J. C. AND Wou�soN, S. A.: Effect of Dicumarol on the erythrocyte sedimentation rate.

Ann. hit. Med., 33: 354-360, 1950.

606. WILANDER, 0.: Studien fiber Heparin. Skand. Archiv. f#{252}rPhys., Suppl. No. 15, 81: 1-81, 1938.

607. WILSON, S. J.: Differences during Dicoumanol therapy in the Quick and Russell viper venom methods for pro-

thrombin determination. Proc. Soc. Expen. Blot. & Med., 66: 126-128, 1947.

608. WINTERNITZ, M. C., MYLON, E. AND KATzENSTEIN, R.: Studies on relation of kidney to cardiovascular disease;

tissue extracts and thrombosis. Yale J. Biol. & Med., 13: 595-622, 1941.
609. WISE, W. D., LOKER, F. F. AND BRAMBEL, C. E. : Effectiveness of Dicumarol pnophylaxis against thnombo-

embolic complications following major surgery. A four year survey: 3,304 cases. Sung., Gynec. & Obst., 88:

486-494, 1949.

610. WOHLISCH, E.: Fortschriffe in den Physiologie der Blutgerinnung. Engebn. d. Physiol., 43: 174-370, 1940.

611. Woi.r, A. AND PAPPENHF.IMER, A. M.: The histopathology of nutritional encephalomalasia of chicks. J. Exper.

Med., 54: 399-405, 1931.

612. WOLFROM, M. L. AND KARABINOS, J. V.: Heparin-bydrolytic characteristics. J. Am. Chem. Soc., 67: 679-680,

1945.

613. WOLFROM, M. L. AND McNEELT, W. H.: The relation between the structure of heparmn and its anticoagulant

activity. J. Am. Chern. Soc., 67: 748-753, 1945.

614. WOLPROM, M. L. Ai� RICE, F. A. H.: The uronic acid component of heparin. J. Am. Chem. Soc., 68: 532, 1946.

615. WOLFR0M, M. L., WEIBBLAT, D. I., KARABINOS, J. V., McNExLY, W. H. AND MCLEAN, J.: Chemical studies on

crystalline barium acid hepaninate. J. Am. Chem. Soc., 65: 2077-2085, 1943.

616. WOOLDRIDGE, L. C.: On intravascular clotting. Arch. f. Physiol., Leipz., 397-399, 1886.

617. WOOLLEY, D. W.: Some biological effects produced by a-tooopheral quinone. J. Biol. Chem., 159: 59-66, 1945.

618. WRIGHT, H. P.: The adhesiveness of blood platelets in normal subjects with varying concentrations of anti-

coagulants. J. Path. & Bact., 53: 286-262, 1941.

619. WRIGHT, H. P.: The adhesiveness of blood platelets in rabbits treated with Dicumarol. J. Path. & Bact., 57:
382-385, 1945.

620. WRIGHT, H. P.: Experiences with Dicumarol (3,3’-methylenebis-(4-hydroxycoumanin)) in the treatment of

coronary thrombosis with myocardial infarction. Am. Heart J., 32: 20-31, 1946.

621. WRIGHT, I. S.: The modern treatment of coronary thrombosis with myocardial infarction. Circulation, 2: 929-

936, 1950.

622. WRIGHT, I. S. AND PRANDONI, A.: The dicumanin 3,3’-methylenebis (4-hydroxycoumanin): Its pharmacologic

and therapeutic action in man. J. Am. M. A., 120: 1015-1021, 1942.

623. WRIGHT, I. S., MARPLE, C. D. AND Bzcx, D. F.: Anticoagulant therapy of coronary thrombosis with myocardial

infarction. J. Am. M. A., 138: 1074-1079, 1948.

624. WRIGHT, I. S., MARPLE, C. D. awn BECK, D. H.: Report of the committee for the evaluation of anticoagulants

in the treatment of coronary thrombosis with myocardial infarction. Am. Heart J., 36:801-815, 1948.

625. YowsG, F.: Skin graft fixation by plasma-thrombin adhesion. Ann. Sung., 120: 450-462, 1944.
626. YOUNG, F. AND FAVATA, B. V.: The fixation of skin grafts by thnombin-plasma adhesion. Surgery, 15: 378-386,

1944.

627. YOUNG, R. L., DERBYSHIRE, R. C. AND CRAMER, 0. S.: Paradoxical embolism: Review of the literature with

report of a case in which this condition followed administration of “Dicumanol”. Arch. Path., 46: 43-48, 1948.

628. ZIEBLER, K. L., GR0B, D. AND LILIENTHAL, J. L., JR. Antithrombic and antiproteolytic activity of a-tocopheryl

phosphate. Am. J. Physiol., 153: 127-132, 1948.
629. ZIMMERMAN, S. P. AND SHAPIRO, S.: Correlation between salicyiate dosage and plasmaleVelandthe prothrombin

content of blood. Expen. Med. & Surg., 4: 110-117, 1946.




