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INTROOOCTION 

The recognition, isolation, and finally synthesis 

of the substance causing hemorrhagic sweet clover dis

ease in cattle, dicoumarin 3,3 1 -methylene-bis-{4-

hydroxycoumarin), have been responsible for one of the 

most interesting and spectacular pharmacological devel

opments in the field of medicine in recent years. 

Although, from 1922 until 1941, dicumarin was 

studied strictly from the standpoint of veterinary 

medicine, it became obvious to workers in the field of 

peripheral vascular disease that the drug, which is 

easily prepared and administered, might prove to have 

a number of therapeutic qualities. 

By emphasizing the physiological effects of di

cumarin in both laboratory animals and human beings, 

it is hoped that this will enable t:t.e reader to eval

uate accurately the merits and untoward results of the 

use of this drug and to judge accordingly about its 

application in the field of internal medicine. 

At this point it should be mentioned that the 

term 11 Dicumarol 11 is the registered collective trade

mark adopted by the Wisconsin Alumni Research Founda

tion for the synthetic preparation 3,3 1 -methylenebis 

{4-hydroxycoumarin). Another way of spelling dicu

marin is "dicoumarin. 11 
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HISTORY 

The history of the drug, 3,3 1 -methylenebis (4-

hydroxycoumarin), now known as dicumarin, actual-

ly had its beginning in 1922, when Schofield (1), at 

the Ontario Department of Agriculture, published a re

markably accurate description of a new hemorrhagic 

disease in cattle. He mentioned that the disease was 

quite similar to hemorrhagic septicemia, but that cul

tures of the blood failed to reveal bacteria. Of great

est significance was his keen observation that all 

cases of the disease reported were in cattle which had 

recently eaten sweet clover, and that the sweet clover 

invariably showed traces of mouldl one series of cases 

in particular was of unusual value in the discovery of 

the etiology of the strange disease. Six animals, 

all members of a herd which had recently eaten sweet 

clover, were dehorned in the usual manner. Within six 

hours, all were dead for reasons undetermined. Short

ly thereafter Schofield concluded that the cause lay 

in the eating of the sweet clover and that the disease 

occurred in two forms: a hemorrhagic type with the 

presence of subcutaneous swellings, and an anemic type 

which followed an operation such as dehorning or cas

tration. Little did he realize, however, that some 18 

years were to elapse before the hemorrhagic constituent 

-2-



of the mouldy sweet clover hay would be isolated 

and synthesized. 

During the winter of 1922, a number of reports of 

this mysterious disease of cattle were received by the 

Ontario Veterinary College. The disease resembled 

blackleg, but it was again noted that in every case 

sweet clover had been eaten by the animals just prior 

to their death. Schofield (2), at that time a pathol

ogist at Ontario, conducted a microscopic examina

tion of the tissues obtained from six acute cases of 

the disease and reported the following: necrosis of 

the liver cells; marked nephrosis; large amounts of 

pigment in the spleen; hemorrhages of small and large 

size in the wall of the intestine; degeneration of the 

heart muscle; tremendous destruction of erythrocytes. 

He concluded that the disease was caused by a toxic 

substance which damages the cells of important tissues 

and vital organs. 

Further studies of "Sweet Clover Disease" and its 

pathology were conducted by Roderick (3), at the North 

Dakota Experiment Station. Although his work was sim• 

ultaneous with that of Schofield, and of a similar 

nature, his publications did not appear until 1929. 

The decade following the work of Schofield and 

Roderick was most uneventful in the history of 
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dicurnarin, and it was not until 1940 that Link (4) 

finally isolated the hemorrhagic agent in spoiled 

sweet clover hay. Working with Campbell and other 

associates at the University of Wisconsin, he was 

able to chemically identify and synthesize the sub

stance within the following year. 

Shortly after this, two groups of clinicians, 

headed by Meyer (5) at the University of Wisconsin 

and by Butt, Allen, and Bollman at the Mayo Clinic, 

began clinical studies on dicumarin as a means of re

tarding intrav~scular clotting in human beings. 

Since 1942, many aspects of the drug have been test

ed and tried in innumerable hospitals throughout the 

United States. 
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CHEMISTRY 

In 1931, Roderick and Schalk (3), after several 

years of research and investigation by the Veterinary 

Department of the North Dakota Agri.cultural Experi

ment Station, published a lengthy and detailed ac

count of the so-called "Sweet Clover Disease." They 

described cumarin as being "the characteristic sweet

smelling constituent of new-mown sweet clover, the 

lactone ester of o-hydroxy-cinnamic acid." They found 

it to be non-toxic to rabbits and concluded that it 

must not be the cause of the disease--unless the dis

ease results from a decomposition product of cumarin. 

From 1931 to 1940 interest was lost in this mys

terious substance of spoiled sweet clover which, when 

eaten by cattle, produced fatal hemorrhage. There was 

nothing of importance, chemically or pharmacologically, 

reported. Apparently the veterinarians, having dis

covered the manner by which the cattle contracted the 

disease, were content to advise simply prophylaxis. 

In 1940, however, Campbell, Roberts, Smith, and 

Link (4) were the first actually to isolate the hem

orrhagic agent in spoiled sweet clover hay (melilotus 

alba). They prepared a concentrate which, when fed to 

rabbits, reduced the plasma prothrombin time to 10 per 

cent of the normal in 40 to 48 hours. Although unable, 
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at the time, to determine exactly the chemical nature 

of the agent, they found it to be free from the fol

lowing classes of substances: fats, waxes, sugars, 

glycosides, water-soluble polysaccharides, amines, 

alkaloids., water-soluble proteins., and water-soluble 

decomposition products of chlorophyll. Just a few 

months following, Link (6), along with Campbell, ac

complished that which was to revive interest in the 

subject and transform it into a source of pharmaco

logical research: By means of fractionating proces

ses, which represent a masterpiece in the field of 

chemistry and which are too detailed and intricate to 

be readily understood by those outside this field, 

these workers were able to extract a hemorrhage-pro

ducing concentrate with a prothrombin-reducing acti

vity 200 times greater than that of spoiled hay. This 

has been isolated from both experimentally produced 

spoiled hays and hays which have been known to kill 

cattle, the process of extraction being accomplished 

in 16 steps, with an efficiency of about 66 per cent. 

Having never before been found in nature, this 

hemorrhagic agent has the empirical formula c,,Hu.O,, 

is optically inactive, insoluble in acid media and of 

low solubility in ordinary organic solvents, readily 

soluble in basic solvents, white and crystalline, and 
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entirely inconsistent in its behavior towards usual 

identification reagents. One and one-half milli

grams of this crystalline substance are equivalent to 

about 50 gm. of an usual spoiled hay sample in re

duction of prothrombin activity. 

Through a series of degradation reactions and by 

synthesis, it was proved by Stahmann and Huebner (7) 

that the hemorrhagic agent isolated by Campbell and 

Link, also of the Wisconsin Agricultural Experiment 

Station, and found in spoiled sweet clover hay is di

cumarin, 3,3 1 -methylenebis (4-hydroxycoumarin), a 

substance with physical properties identical in natu

ral and synthetic forms but quite different from any 

of the 60 or more naturally occurring coumarins previ

ously reported. A derivative of coumarin, this prod

uct has a melting point of 288 to 289 degrees and a 

structural chemical formula: 

OH OH 

.;::::,-"' 

-~ 

H H H 

"'--c ,--r"~" 
~ 4-* 

0/ '0 0 !9' "'-0,."'/ 
l ~ 

It was concluded from these experiments that the 

natural bitterness of sweet clover and its tendency to 

become a hemorrhagic agent when improperly cured have 
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a common basis in the coumarin molecule; and, that 

when spoilage occurs, this coumarin is oxidized to 4-

hydroxycoumarin which is in turn coupled with form

aldehyde. The following formulas will aid not only in 

following the steps involved in the formation of di

cumarin from coumarin, but also in the study of the 

definite antihemorrhagic fraction appearing in this 

series of compounds: 

OH OH 

( '1[\ /"<)) OJO (1 
~""{'!H~ 

0 

Coumarin 4-hydroxycoumarin 
3-methyl-4-

hyd roxycoumarin 

HO OH 
H H H . ~''l,~'G-·f-r~J' (~1 

~ J'-o)"o 0~ "' '-,/ 

3,3 1 -methylene-bis (4-hydroxycoumarin) 

With further degradation of the hemorrhagic agent, 

Huebner and Link (8) produced a diketone which, when 

combined with 10 per cent sodium hydroxide, is 1,3-di

salicylylpropane. 

Lehmann (9), doing clinical work in Sweden simi

lar to that of Allen and Barker at the Mayo Clinic, 
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made a series of experimental studies of the effects 

of coumarin, dicoumarin, and some of their deriva

tives, on the prothrombin levels of rabbits. He found 

no compound which showed any advantage over the orig

inal 3,3 1 -methylene-bis (4-hydroxycoumarin); nor was 

he able to find an active stable water-soluble sub

stance, a derivative of the dicoumarin, for intra• 

venous injection, as had been hoped. By finding a 

drug for intravenous use, he had hoped to eliminate 

the 12 to 48 hour latent period which exists when di

cumarin is given orally. Contrary to the findings 

of Roderick and Schalk (although Leh.mann admits some 

irregularity in his results), he found coumarin and 

its derivatives to be toxic to rabbits even though 

the prothrombin time was not increased markedly. In• 

troduction of a hydroxy group in position 4 of the 

cou.marin produced 4-hydroxycoumarin, a compound four 

times as active in decreasing prothrombin activity. 

Supplementing the work of Lehmann, Overman and 

others (10) tested the hypoprothrombinemia-inducing 

capacity of more than 150 compounds closely related to 

3,3 1 -methylenebis (4-hydroxycoumarin). All of their 

assays were made on 12.5 per cent plasma of standard

ized susceptible rabbits which had been fed various 

quantities of these drugs in gelatine capsules. 

-9-



Whereas the dicumarin was found to be the most potent 

of the series, all compounds having an intact resi

due of the 4-hydroxycoumarin, with the 3 position 

substituted by a hydrogen atom or a carbon residue, 

showed definite anticoagulating activity. Higher 

potency was found to be due to the 4-hydroxycoumarin 

with a 3-substituent containing a keto group in the 

1,5 position with respect to the 4-hydroxyl group. 

The above structural formulas are helpful. 
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PHYSIOLOGICAL EFFECTS 

That dicumarin is a strange drug having many 

curious effects on various laboratory animals and 

on human beings can not be disputed. It is unfortu

nate, indeed, that its manner of action, correct dos

age, excretion by the body, and contraindications are 

not so well-defined as are those of the majority of 

the popular drugs in the internist's repertoire. 

Schofield (2), as early as 1923, recognized an 

altered coagulation of the blood in animals with 

spoiled sweet clover disease, but was unable to tell 

definitely how this was brought about. His tests, 

however, did reveal that the inability of the blood 

to clot was not due to a deficiency in calcium salts 

or fibrinogen, but due to an absence of thrombin or 

an inhibition of thrombin. 

After it became established that the damaged 

sweet clover was responsible for the death of cattle 

from fatal hemorrhage, Roderick (11) conducted a ser

ies of studies on the pathologic and functional fea

tures of this unusual hemorrhagic complex. That hem

orrhage, preceded by a delay in the coagulability of 

the blood, is the fundamental lesion and cause of 

death was quickly realized. Hemorrhages were found 
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in all parts of the body; the lateral ventricles of 

the brain, the wall of the bladder, the medullary 

cavity of long bones, and in subcutaneous and inter

muscular fascia. External evidence was most apparent 

in the regions of the neck and shoulders and the wall 

of the thorax. This was usually in the form of a 

large hematoma, either superficial or interposed as a 

sheet between the muscles. The hemorrhages, although 

cormnon on serous surfaces, were rarer in the mucosa, 

although epistaxis was not uncommon. A most interest

ing feature was the inability, upon dissection and 

microscopical examination, to find any injury or visi

ble openings in the vessel walls, despite the fact 

that the extent of the hemorrhage would indicate that 

the mechanism was not by diapedesis. Roderick was of 

the opinion that the bleeding occurred in the arteri

olar bed rather than from the capillaries, veins, or 

larger vessels. 

Further work on the blood composition, urine, and 

internal organs was also undertaken. Blood non-pro

tein nitrogen, sugar, icterus index, and acid-base 

balance were found undisturbed, indicating the absence 

of a hemolytic phenomenon. This, along with the ab

sence of albuminuria and cholesterolemia, together 

with normal gross and microscopic appearance of the 
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kidneys, tended to eliminate toxicity as a factor. 

He saw no evidence of liver function impairment. 

After conducting analytical work on a series of 

animals fed on damaged sweet clover, Roderick (12) 

published a paper dealing with alterations of the 

coagulation process of the blood. Of greatest sig

nificance, of course, was the delayed coagulability, 

involving a reduction in prothrombin. There was no 

evidence of calcium deficiency, increase of an in

hibitory substance such as heparin or antithrombin, 

or of alteration in the number of blood platelets 

present. 

Quick (13) soon realized that the hemorrhagic ten

dency seen iri sweet clover disease of rabbits was ac

companied by a low plasma level and a reduction of pro

thrombin. He also noted that transfusion with cit

rated whole blood elevated the prothrombin for a short 

time and that feeding alfalfa had a decidedly bene

ficial effect in retarding the disease and in improv

ing the condition once it had developed. Being es

pecially interested in the prothrombin aspect, he con

cluded that the toxic principle either destroys pro

thrombin or prevents its formation. rhe alfalfa, he 

believed, exerted its effect by furnishing some acces

sory food factor necessary for the organism to produce 
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prothrombin. No vitamin which would prevent the 

disease could be found at this time. 

In 1940, interest in dicumarin was revived by 

Campbell (14) and a number of his associates. These 

workers studied the syndrome produced by feeding 

spoiled sweet clover hay or hemorrhagic-producing con

centrates prepared from it to rabbits. Instead of em

ploying the method of prothrombin determination as out

lined by ~uick, they used a somewhat modified procedure 

in order to facilitate greater accuracy. Other precau

tionary measures such as selection only of suscepti

ble animals, use of thromboplastin specially prepared 

from dry rabbit brain tissue, uniform dilution of the 

plasma to be tested, and standardization of the animals 

through preliminary feeding were taken. 

It was found that the rabbits suffered no per

manent injury as long as excessive doses of the hemor

rhagic substance were not given. The animals develop

ed no acquired immunity or increased susceptibility to 

the agent. Although there was invariably a latent 

period of from three to eight hours before decreased 

prothrombin activity and increased clotting time be

came manifest, the maximum depletion of the prothrom

bin level, regardless of the dosage and sensitivity of 

the rabbit, was usually 38 to 48 hours. 
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Prothrombin restoration always followed cessation of 

the drug, reaching a normal level more quickly when 

smaller doses were given. This varied from 4 to 6 

days after the plateau of maximum depletion, but the 

feeding of stock grain mixture and alfalfa immediate

ly after reaching this plateau caused the normal pro

thrombin level to be attained more rapidly. 

Their results in regard to actual effect of the 

hemorrhagic substance on the blood clotting mechanism 

were less impressive, it being concluded that there is 

either a disturbance of continuity of prothrombin for

mation by the liver or a qualitative alteration in the 

prothrombin already formed. This was essentially the 

same explanation as that advanced by Quick. In con

trast to other natural and synthetic anticoagulants, 

this hemorrhagic agent does not appear to affect the 

clotting power of normal blood or plasma in vitro. 

Its unique physiological activity becomes manifest 

only when the drug is fed by mouth or injected intra

venously. 

As soon as the isolation and synthesis of this 

new anticoagulant by Campbell and Link was revealed, 

numerous men interested in peripheral vascular disease 

began experimenting with the drug, attempting to 

employ it as a therapeutic agent. In June of 1942, 
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Richards and Cortell (15), in an attempt to show the 

efficacy of the drug in preventing thrombosis, inject

ed segments of the saphenous veins of do gs with eth

anolamine oleate to promote thrombosis; then observed 

the effects of dicumarin given by mouth. The result 

was a definite reduction in the incidence and degree of 

thrombus formation. Just a short time later, Lehmann 

(16) treated seventeen cases of thrombosis of the ex

tremeties by oral administration of the drug. These 

were human subjects. In all cases the course of the 

disease was shortened, and no further thrombosis occur

red after the fall in prothrombin index. Such success 

was not typical of the experimentation of many other 

medical men, however, as will be seen. 

Prandoni and Wright (17), treating a series of 

patients by oral administration of dicumarin in varied 

doses (from 7.8 to 45.9 mg.;Kg.) over varying lengths 

of time, observed the following characteristics: 

"Responses in the form of prolongation of the 
prothrombin and coagulation time varying widely in 
degree and duration--even in patients receiving 
the same relative doses. 

"The initial effect manifested itself as a sig
nificant prolongation of prothrombin time, which oc
curred in from one to five days, average 3.2 days. 

"The coagule_tion time at the period of maximal 
prolongation varied from eight to thirty-three 
minutes, averaging thirteen minutes. 
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"The maximal effect, namely, the greatest in
crease in prothrombin time following the first ad
ministration of dicumarin, occurred in from one to 
twenty day~, with an average of thirteen days. 

"The maximal prolongation of prothrombin time 
ranged from twenty-six to seventy seconds, with an 
average of forty-seven seconds. 

"The total duration of effect was two to twenty
six days, averaging 11.2 days. 

"The duration of effect, after discontinuing the 
administration of dicumarin, varied between one and 
twenty-three days, averaging 11.2 days. 11 

With but few exceptions, these findings typify the 

results gathered by the majority of clinicians. 

Butt, Allen, and Bollman (18}, at the Mayo Clinic, 

were other early experimenters whose results compared 

quite favorably with those of Dr. Prandoni. They were 

favorably impressed by the therapeutic qualities of 

the drug as well as its economy, ease of administra

tion, and prolonged action, making it superior to hep

arin in many respects. It might be well, at this 

point, to state that these men have made a major con

tribution to the treatment of thrombophlebitis and pul

monary embolism by their extensive work along this line. 

Wasserman and Stats (19) gave dicumarin in re

peated doses to a group of 71 adult patients, and their 

results and conclusions furnish a great deal of valu

able information regarding the physic,lo gical effects 

of the drug. Gelatin capsules containing from 200 to 

-17-



500 mg. of the substance were given orally at inter

vals varying from 1 to 7 days. Each patient received 

an average of eight doses. From this it was learned 

that oral administration of dicumarin produces a mark

ed fall in the prothrombin content, after a 24 to 72 

hour latent period, along with a prolongation of the 

coagulation time. However, there is great variabil

ity in the degree of response to this drug, making a 

definite fixed dosage impossible. Moreover, fear of 

hemcrrhage prevents the use of this agent during or 

shortly after operative procedures or in patients 

with lesions from which bleeding might occur; yet this 

fear is not always warranted. It should be remember

ed, though, that once hemorrhage occurs, due to dicum

arin, transfusions with fresh blood might not arrest 

the condition. 

Instances have been observed in which embolism 

and thrombosis have occurred despite a low blood pro

thrornbin induced by dicumarin. Furthermore, it is 

known that thrombosis or embolism wh:tch has already 

occurred is affected but little, if any. This was 

first revealed by Barker (20) at the University of 

~innesota. Davis and Porter (21) treated 43 cases of 

varying degrees of postpartum thrombosis and are of 

the belief that dicumarin is not only effective in 

-18-



preventing postoperative thrornbophlebi tis and pul

monary embolism in man, but that it also limits the 

extention of an already established thrombosis. 

Some question has arisen concerning the effect 

of dicumarin on the sedimentation rate of the red 

blood cells. The importance of this is obvious since 

many patients receiving the hemorrhagic agent have 

diseases in which this laboratory test may be of im

portance. Barker and his associates (20) believe the 

sedimentation rate to be elevated in the great major

ity of cases; although other writers neglect to com

ment on this phase of the subject. 

~uite recently, Dr. G. Alexander Young (22) has 

successfully used dicumarin in cerebrovascular dis

eases. While it is, of course, difficult to deter

mine definitely the extent to which the drug retards 

or improves cerebral thrombosis, Dr. Young is of the 

opinion that improvement is more rapid with its use. 

In fact, the Douglas county Hospital Psychiatric De

partment, treating cases of cerebral arteriosclerosis 

associated with psychotic symptoms, is using dicumar

in with apparent clearing of the mental symptoms. It 

is hoped that the drug might be used in combating 

sinus thrombosis associated with mastoid infections 

or orbital celluli tis. 
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For the benefit of those interested in compar

ing the important advantages and disadvantages of di

cumarin and heparin, the following information is 

presented: Dicumarin, first of all, has two important 

advantages over heparin. It can be given orally, and 

it is much less expensive. These factors alone are 

responsible for the greater part of its recent popu

larity. Conversely, heparin has an advantage in that 

the delay in coagulation time appears within a few 

minutes after its administration and ceases rapidly 

when it is withdrawn. This makes toxic effects less 

likely, even though frequent coagulation time deter

minations are necessary--as is also true with dicum

arin. In the event of hemorrhage due to overdosage, 

the effect of heparin can be remedied by a simple 

blood transfusion. This is not true of dicumarin, as 

will be shown later. 

Both heparin and dicumarin produce clinical ef

fects which are quite similar. Neither can dissolve a 

thrombus either in vivo or in vitro. Ottenheimer (23) 

believes that their value lies in the prevention 

rather than the treatment of thrombophlebitis. 

In all probability these drugs affect the blood 

clotting mechanism differently. Heparin inhibits 

platelet agglutination, while dicumarin exerts its 
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effect directly on prothrombin, either actually des

troying it or inhibiting its formation. 
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FACTORS INFLUENCING THE EFFECT OF DICUMARIN 

Since dicumarin has come to be used therapeutic

ally, it has been revealed that there are a number of 

various important agents which alter, or threaten to 

alter, the physiological effects of the drug. Un

doubtedly more and more of these will be discovered 

as time passes. The subsequent presentation includes 

factors very likely to exist in patients upon whom 

anticoagulant therapy is frequently of great practical 

importance. 

Pre~ancy_: 

This has not given rise to any serious problem 

inasmuch as treatment of human beings is concerned. 

However, it is well known that during pregnancy a 

great number of women are susceptible to thrombo

phlebitis, for which dicumarin might be indicated. 

This has led to experimental investigation by certain 

workers. Field, Overman, and Baumann (24), studying 

the effect of di cumarin on rats during and i:mr:edia te

ly after pregnancy, found the drug to have a less 

pronounced ability to produce hypoprothrombinemia in 

pregnant than in normal animals; whereas, in lactat

ing rats the anticoagulant was only 18 per cent as ef

fective as in non-lactating controls. Even since 

these experiments in 1942, no satisfactory explanation 
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for this has been found. It is now a well-known 

fact that lactating animals have a much greater 

capacity to recover from such induced hypoprothrom

binemia. Perhaps Lehmann (9), who also published an 

article on this subject in 1942, had the correct 

answer to this when he discovered that lactating 

women excrete the drug in their milk. 

Vitamin C: 

:Further experiments on rats were conducted by 

Baumann and others (25) with hopes of finding some 

substance which could conveniently be used to combat 

untoward effects of dicumarin. By feeding adult rats 

a basal diet and then allowing a fasting period of 12 

hours before feeding 2.5 mg. of dicumarin, these men 

made some interesting observations in regard to its 

effect on the prothrombin time of blood which was 

taken by heart puncture 24 hours later. Emphasis was 

placed on the effects of I-ascorbic acid on these 

animals; and, in accordance with the belief that vit

amin C is not closely linked with blood coagulation, 

the results showed that the latter failed to alter 

the hypoprothrombinemia induced. It also failed to 

prolong the lives of rats receiving the anticoagulant. 

Peculiarly, however, the substances, chloretone and 

carvone, which stimulate synthesis and excretion of 
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vitamin Gin the rat, lower the degree of hypo

prothrombinemia and markedlJ prolongs the lives. 

This would suggest that substances v.rhich stimulate 

the synthesis of vitamin C also affect the mechanism 

counteracting hypoprothrombinemia. But there is, as 

yet, much to be explair.ed in regard to this mechanism. 

Lehmann, on the contrary, believes that ascorbic acid 

is definitely indicated along with dicumarin; espec

ially in cases of actual or suspected vitamin C de

ficiency. 

Fever: 

Since it is often necessary to administer di

cumarin to patients who have.fever and since increased 

temperatures are known to accelerate biochemical re

acticns, Richards (26) conducted a series of experi

ments with rats in which fever was induced by typhoid 

vaccine. The results indicate clearly that a much 

higher prothrombin time is produced by giving the drug 

to animals with elevated temperatures. As is the case 

in normal patients, the degree of th:ts increase varies 

considerably and shows no definite relationship to the 

number of degrees the temperature is increased. In 

general, however, the response is more pronounced in 

patients with higher degrees of fever. Doctors using 

dicumarin therapeutically are little concerned about 
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the effect of fever on the action of the drug be

cause coagulation and prothrombin times must be tak

en frequently in all instances and the dosage judged 

accordingly. 

Trauma and Gangrene: 

Brambel and Loker {27) have recently directed 

their efforts to the study of trauma and gangrene, 

relative to the war with its consequent trauma, and 

to industry with its accelerated production and use 

of dangerous machine·ry by workers whose experience is 

limited. Gangrene caused by diabetes, arteriosclero

sis, and frostbite has also been studied in this con

nection. 

Patients suffering from the above conditions have 

an enhanced coagulation mechanism and show definite re

sistance to the effects of dicumarin when compared 

with normal persons. Larger doses of the hemorrhagic 

agent are necessary to produce the same effect, and the 

period of duration is shorter. Contrary to expecta

tions, administration of the hemorrhagic compound pro

duces no bleeding from the wounds. 

Brambel and Loker, incidentally, believe di

cumarin to be highly efficacious not only in prevent

ing gangrene, but also in eliminating the necessity of 

amputation following crushing injuries in which 
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gangrene would be likely to develop. 

Anesthetics: 

It has been known for some time that chloroform, 

used as an anesthetic, produces a reduction in pro

thrombin levels of dogs. Steggerda and Richards (28), 

therefore, decided to test the effect of dicumarin on 

a series of rats receiving nembutal, pentothal, and 

chloroform. From their experience it is concluded 

that these anesthetics do not alter the suscepti

bility of rats to oral doses of dicumarin; nor do 

they change the prothrombin time of the blood. Al

though this is indicative of what might be expected 

in the human subject, it should be remembered that 

the liver of the rat way be more resistant to chloro

form insofar as prothrombin formation in this organ 

is concerned. 

Heparin and Thyroid: 

Because each of the two important anticoagulants, 

dicumarin and heparin, has significant advantages and 

disadvantages when used in the human subject, Walker 

and Rhoads (29) studied the synergistic action of 

these drugs in a series of three groups of patients. 

Depending on the quantity of either drug given, a much 

smaller amount of the other was required to produce 

the same effect as was achieved in controls. The 
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results of this indicate clearly that heparin and 

dicumarin definitely enhance one another. Fortu

nately, these drugs can be used simultaneously in 

cases requiring the advantages of both. 

In answer to the question concerning the effect 

of the various thyroid compounds on the prothrombin

openic action of dicumarin, it may be stated that no 

evidence has been presented to show that patients 

receiving thyroid are any more susceptible to the 

action of the hemorrhagic agent. Wakim, Chen, and 

Gatch (30) showed that rats and dogs receiving des

icated thyroid are not in any way altered in sus

ceptibility to the prothrombinopenic effect of di

cumarol. 
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DOSAGE 

The problem of finding a standardized dose of 

dicumarin has not been solved. To accomplish this 

promises to be an impossibility because of the varied 

degrees of response to the drug by different individ

uals. However, during the last three years, a more 

or less systematized method of administering this 

hemorrhagic compound has been found. 

The first to use dicumarin on human subjects 

were Meyer, Bingham, and Pohle (5). This was early 

in 1942. They found 4 to 5 mg. per kilogram, oral

ly or intravenously, to be within safe limits and 

used oral administration of daily doses of 1 to 1.5 mg. 

per kilogram without deleterious effects. Of course, 

at this experimental stage, the necessity of deter

mining the prothrombin and coagulation times at fre

quent intervals and judging the dosage accordingly 

is quite apparent. 

Evans (31), working at the Lahey Clinic, was in 

agreement with Bingham, Meyer, and Pohle as to dosage; 

namely, an initial dose of 5 mg. per kilogram, follow

ed by a daily dose of 1.5 to 3 mg. per kilogram. He 

was the first to combine dicumarin and heparin in the 

treatment of thrombophlebitis and pulmonary embolism. 
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His procedure was as follows: As soon as the diag

nosis of phlebothrombosis, thrombophlebitis, or 

pulmonary embolism was made, heparin was immediately 

given intravenously until the clotting time was raised 

to from twenty to twenty-five mi~utes; then an initial 

dose of 5 mg. per kilogram of dicumarin was given 

orally. Thirty-six hours after this initial dose of 

dicumarin, the heparin was discontinued; but a daily 

maintenance dose of 1.5 to 3 mg. per kilogram of di

cumarin was given for two to three weeks if necessary. 

Such a procedure was found to be convenient, inexpen

sive, and as successful therapeutically as the use of 

either drug by itself. In fact, Evans' method of com

bined heparin and dicumarin therapy has not been alter

ed substantially since its introduction in 1942. 

Le Fevre (32), another early experimenter with 

dicumarin in human subjects, used 5 mg. per kilogram 

on the first three successive days, but eventually re

duced the third quantity to 2.5 mg. per kilogram. 

Meyer, Bingham, and Axelrod (33) adhere to the plan 

whereby an initial dose of 5 mg. per kilo is followed 

by daily doses of 1.5 mg. per Kg. 

There is no doubting that calculating the ac

curate dose of di curnarin for each individual :1 s dif

ficult. And yet, the importance of this can not be 
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over emphasized. Shapiro and Sherwin (34) success

fully treated five cases of embolism vri thout toxic 

results by using dicumarin. They attribute this suc

cess to their method of judging an accurate dosage 

level for each individual patient: this level was 

kept at the point where plasma diluted to 12.5 per 

cent with normal saline showed a prothrombin time of 

two or three times normal, while the prothrombin time 

of whole plasma was only moderately increased. By 

this time, methods fundamentally similar are used by 

all workers. 

Late in 1942, a different system of administer

ing dicumarin was begun by Butsch and Stewart (35). 

Instead of using the patient's weig'ht as an index of 

the dose to be given, they simply gave 300 mg. the 

first day and followed this by 200 mg. the second and 

300 mg. the third, fourth, and fifth. In children, 

200 mg. on two successive days proved to be a satis

factory dose. Such is the plan followed by the 

majority for the last couple of years, discounting, 

of course, minor variations in number of milligrams 

and methods of prothrombin determination. 

By the middle of 1944 large numbers of patients 

at the Mayo Clinic were receiving dicumarin. The 

procedure here is to administer to patients with 

-30-



pulmonary embolism or thrombophlebitis, or patients 

having a history of these, 300 mg. of the drug on 

the first day of treatment and 200 mg. on the second 

day. Thereafter, 200 mg. is given on each day that 

the prothrombin time is below 35 seconds. (It should 

be mentioned that they use a modified Quick test of 

prothrombin in which the normal is 17 to 19 seconds.) 

Using this standard, it is found that thrombosis, is 

definitely inhibited above 27 seconds and that bleed

ing will not occur below 60 seconds. The necessity of 

daily accurate tests of prothrombin time is obvious. 

Zucker (36) uses an initial dose of 300 mg. orally, 

with an additional 200 mg. the following day. Sub

sequent doses are given in 200 mg. quantities with 

the aim of maintaining the plasma prothrombin time 

level between 30 and 60 per cent of his normal. This 

is identical to the procedure of Walker and R..hoa.ds 

(29), only they use a prothrombin concentration be

tween 20 and 30 per cent of normal. Eckstam (37), at 

the University of Minnesota, also employs this dose, 

with prothrombin time being 25 to 50 per cent of 

normal. 

Since, after operations and for other reasons, 

administration of dicumarin by the oral or intra

venous routes is not always satisfactory, Meyer and 
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Spooner (38), at the University of Wisconsin Medical 

School, tried giving the drug rectally in aqueous 

suspension or in suppositories. Four patients re

sponded in a manner similar to that seen after oral 

administration while thirty-four others showed no 

significant decrease in prothrombin or coagulability 

of the blood. This would indicate that such a method 

of giving dicumarin is not at all reliable. 

Recently, Hurn and others (39) at the Mayo Clinic 

have devised a standardized method of determining 

prothrombin time, thereby eliminating the necessity 

of establishing new criteria for administration of di

cumarin each time a new supply of thromboplast~n is 

used. This also enables various laboratories to com

pare and correlate results of their experiments. 

As late as February, 1945, Barker and his as

sociates (40) at Mayos' still had found no satis

factory preparation of dicumarin for parenteral ad

ministration, but were continuing to give single oral 

doses; 300 mg. the first day, 200 mg. the second, and 

200 mg. on succeeding days that the prothrombin time 

is greater than 20 per cent of their standard normal. 
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TOXICOLOGY 

The facts which are known concerning the toxic 

effects of dicumarin have been gathered from two 

experimental sources--from laboratory animals and 

from human beings. •rhe manifestations of these toxic 

effects may well be divided into three groups: path

ological findings in laboratory animals, pathological 

findings in man, and symptomatic manifestations in 

man. Because of the fact that considerable differ

ence of opinion exists in regard to toxicology, this 

arrangement of presentation is adopted. 

Pathological Findings i_!1 ~aboratory Animals: 

Rose, Harris, and Chen (41), working in the Lilly 

Research Laboratories in 1942, estimated the median 

lethal doses of dicumarin in a series of different 

animals. Death was found to occur uniformly in rab

bits with intravenous injection of daily doses of 1-2 

mg. per Kg.; in dogs with oral administration of 5-50 

mg. per Kg. daily; and in mice and rats with 0.01-1% 

dicumarin in food. ¼hen daily intravenous doses of 

0.1-0.5 mg. per Kg. were given to rabbits, the major

ity could tolerate this for about 6 weeks. With the 

occurrence of death, most animals were found to have 

hemorrhage into various tissues and organs, plus 
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pulmonary edema. Central liver necrosis was found in 

about half of the rats, but only occasionally in rab

bits, mice, and dogs. These findings compare quite 

favorably with those of Richards and Cortell (15), 

who found a considerable difference in tolerance bet

ween various species of animals--also among indi

vidual animals of the same species. Although nec

rosis of the liver was found in many animals, the 

significance of this was questioned because of the 

severe anemia produced by the drug. The level of 

vitamin C in guinea pigs appeared to exert definite 

influence on the extent of liver necrosis and damage. 

To study the intoxicating effects of dicumarin 

prior to the onset of hypo pro thrombinemia, Wakim, 

Chen, and Gatch (42) gave lethal doses of the drug 

to anesthetized dogs, rabbits, and rats. The intra

venous route was used. After a series of control 

tests in which other i~gredients of the solution ad

ministered were tested and found to produce no effects, 

dicumarin was added, making a 0.5 per cent solution. 

It was noted that when the total quantity given reach

ed between 40 and 60 milligrams per kilogram of body 

weight, a number of decidedly significant physiolog

ical changes occurred in the animals. T~ese were as 

follows: rapid irregular respiration followed by 
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severe dyspnea; generalized vasodilatation; darken

ing of the blood (in spite of rapid and deep res

piration), extra systoles and other cardiac irreg

ularities; hyperglycemia; hyperpyrexia; then simul

taneous cessation of heart action and respiration. 

Autopsy showed a dark and congested liver, a con

tracted spleen, and rigor mortis, the onset of which 

was almost immediate. And all of these findings had 

occurred before any change in coagulation and pro

thrombin timesL In nearly all instances death super

vened within an hour after the original doses were 

given. It should again be emphasized that these re

sults were obtained with lethal doses. 

In 1943, Richards and Steggerda (43), studying 

the effects of dicumarin in rats with impaired liver 

or kidney function, made some practical observations 

of interest. They produced liver damage by means of 

subcutaneous injection of 0.2 cc/Kg. of carbon tetra

chloride and kidney damage by u.~ilateral or bilateral 

nephrectomy. Neither of these procedures in itself 

was responsible for a change in prothrombin level 

without the use of dicumarin, showing that the exper

imental results were accurate. It was found that 

injury to the liver, which in itself does not in

fluence the prothrombin level, definitely sensitizes 
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rats to the action of dicumarin, the extent of the 

sensitivity being quite parallel to the liver damage. 

In regard to the kidneys, it was found that only bi

lateral nephrectomy influenced the effect of the drug, 

apparently because of its retention in the blood due to 

lack of elimination. This was indicated further by 

the fact that, in bilaterally nephrectomized animals, 

the prothrombin level was depressed for a continued 

and increased length of time. This work is the basis 

for the present belief that dicumarin is contraindi

cated in patients suffering from impairment of kidney, 

function or having even a mild degree of liver damage. 

Patholo~ical Findings in Man: 

The effect of the administration of dicumarin 

upon blood cytology, liver function, plasma proteins 

(especially fibrinogen), and the kidneys, revealed 

nothing of significance as to abnormality, according 

to Davidson and Mac Donald (44). However, they qual

ify this by stating that the drug does have variable 

effects upon blood coagulability, prolonged action 

after discontinuation, and difficulty in control, all 

of which render it a poor heparin substitute. They 

advise extreme caution in its useL 

In prolonged use of dicumarin, Bingham, Meyer, 

and Howard (45) report that blood in the urine, as 
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demonstrated by a positive benzidine test is not un

common. They also believe its use to be hazardous 

without close supervision, but state that it may be 

given for periods as long as 90 days without produc

ing undesirable objective findings. 

In June of 1943, Dr. Cahan (46), of New York City, 

reported a case in which the patient received 2800 mg. 

of dicumarin over a thirty-two day period and de• 

veloped hemorrhagic and purpuric manifestations along 

with a prothrombin deficiency. There was, however, no 

platelet reduction, capillary fragility, or abnormal

ity in clot retraction. His belief ie that the drug 

induces an increased sensitivity of the vascular bed 

to trauma, along with a hypoprothrombinemia. Wright. 

and Prandoni (47) are in agreement with Cahan, as 

regards capillary fragility. They found none, even 

in cases which were hemorrhagic. 

The question as to whether liver damage acts as 

the mechanism by which the prothrombin is inactivated 

is still undecided. Icteric index, bromsulphalein, 

cholesterol, and total protein studies do not seem to 

demonstrate liver damage as a result of the giving of 

dicumarin. With but few deaths from excessive amounts 

of dicumarin, autopsy findings are rare; this accounts 

for the scarcity of pathological material. 
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Symptomatic Manifestations in Man: 

In 1942, when dicumarin was first being tried 

in human subjects, Lehmann (16) observed a few cases 

of mild toxic symptoms in patients when initial doses 

of the drug ~ere given. These were vomiting and 

diarrhea chiefly. But with continued treatment, 

nothing further happened. Liver and kidney function 

tests were normal. Nevertheless, Lehmann believes 

that kidney, heart, and liver diseases contraindicate 

the use of the product. Likewise, Zucker (36) re

ports cases in which nausea appeared when the drug 

was first taken, only to disappear shortly thereafter. 

He mentions also that danger of hemorrhage following 

venipuncture has been mentioned by some, but that he 

has seen no instances of this complication. 

Apparently, a single large dose of dicumarin 

produces less physiologic and toxic effects than total 

equivalent doses administered in smaller daily portions. 

Other early toxic signs, in additio~ to nausea and 

vomiting, are lassitude and general malaise with ach

ing in the costovertebral angles. Occasionally, hem

orrhage occurs in patients whose prothrombin times 

a.re much lower than those of others having no such 

tendency. Coagulation times, while they should be 

taken frequently, are not as reliable a guide to 
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overdosage as prothrombin time determinations. Wright 

and Prandoni ( 47) find that the incidence of toxic 

reactions is not significantly influenced by age, sex, 

state of nutrition, or hematocrit studies. 

One of the most complete reports of the appear

ance of manifestations of a hemorrhagic tendency is 

presented by Wright and Prandoni from their study of 

eight toxic patients. These manifestations were as 

follows: 

Weakness and lassitude ••••••••• 7 
Purpura •••••••••••••••••••••••• 4 
Gingival hemorrhage •••••••••••• 4 
Hematemesis •••••••••••••••••••• 4 
Sublingual ecchymosis •••••••••• 3 
Conjunctival hemorrhage •••••••• 3 
Hematuria••••••••••••••••••••••3 
Bleeding at wound site ••••••••• 3 
Epistaxis •••••••••••••••••••••• 2 
Vertigc •••••••••••••••••••••••• 2 

Most authors agree that there are certain con

traindications to the use of dicurnarin. These are 

as follows: hemorrhagic tendencies and existing low 

prothrombin times, liver and kidney damage, and sub

acute bacterial endocarditis. Many feel that the 

drug should not be used routinely as a method of 

prophylaxis because the incidence of hemorrhagic man

ifestations due to its use is greater than the in

cidence of complications for which its therapeutic 

administration is indicated. 
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ANTIDOTES 

From the time that dicumarin was first considered 

for use in human beings, interested experimenters have 

worked feverishly in an attempt to find something to 

combat the toxic effects from overdosage of the drug. 

Thus far, however, the only successful measures have 

centered around the use of vitamin Kor transfusions 

with blood or plasma. 

Use of Transfusions: 

Evans (31), using both heparin and dicumarin 

therapeutically, finds transfusion, repeated if neces

sary, to offer almost immediate safety from dicumarin 

bleeding by replacing absent prothrombin .. But all 

others do not agree. Richards and Cortell (15) found 

only temporary benefit from single blood transfusions 

in dogs which were extremely depressed by the drug, 

and Davidson and Mac Donald (44) observed whole blood 

transfusions to have only a transitory effect, or no 

effect, upon the abnormal clotting mechanism of 

patients receiving dicu.marin. Young (22) finds trans• 

fusions with fresh whole citrated blood extremely ef

ficacious, which agrees with the opinions of Otten

heimer, Prandoni, and Meyer, and the majority of 

others. But it should be emphasized that the blood 
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must be whole and fresh and the transfusions multi

ple, in order that the prothrombin time and coag

ulation time be shortened. 

The Use of Vitamin K: 

Concerning the value of vita.min Kasa method of 

combating hemorrhage caused by excessive amounts of 

dicumarin, there is more unanimity of opinion than 

is showed in relation to transfusions. Neverthe

less, certain experimenters with laboratory animals 

have found results contrary to the majority. 

Overman, Field, Baumann, and Link (48), early in 

1942, tested 260 adult rats of both sexes by feeding 

either a stock ration or an artificial ration low in 

vitamin K; then incorporating a desired dose of di

cumarin in 2 gm. of corn starch and oil after a fast

ing period of 12 hours. They not only found the ef

fect of the drug to be greater upon the group re

ceiving low vitamin K rations, but also discovered 

that all forms of this vitamin, whether given before, 

with, or after the anticoagulant, counteracted the 

hypoprothrombinemia induced. With supplements such 

as ascorbic acid, wheat germ, hydrogenated fat, and 

choline, however, no benefits were derived. 

Viith the ability of Link and Baumann and their 

associates to show that vitamin K counteracts the 
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hypoprothrombinemic effect of dicumarin in rats and 

with the failure of other workers tc demonstrate a 

similar effect in man, Shapiro, Redish, and Campbell 

(49), conducted a further series of experiments with 

human subjects, using larger doses of vitamin Kand 

smaller doses of the anticoagulant. The results, in 

accord with those of Link., were the first to reveal 

that the vitamin neutralizes the hypoprothrombinemia 

induced by dicumarin in man as well as in various lab

oratory animals. But extensive experience in human 

beings does not bear this out, and the work of these 

two groups furnishes the extent of the support to the 

usefulness of vitamin K. 

While Townsend (51) thinks the vitamin might be 

of some value, Wasserman, 0ttenheimer, Prandoni & 

Wright, and Meyer all denounce it entirely. 

By the middle of 1944, large numbers of patients 

at the Mayo Clinic were receiving dicumarin. When it 

was learned that some 2? per cent of these patients 

were hypersensitive to the drug and showed excessive 

elevation of the prothrombin time after receiving only 

the initial dose of 300 mg., Cromer and Barker (50), 

in an effort to find some means of quickly restoring 

a safe level, began working with synthetic vitamin K. 

In view of the fact that previous experimenters had 
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observed that the vitamin was ineffective, these men 

decided to give it in much larger doses. Single doses 

of menadione bisulfite were given intravenously to 

thirty-seven patients who had developed an excessive 

deficiency of prothrombin after receiving dicumarin, 

and in all but two cases the prothrombin time fell 

to within safe limits within eighteen hours. There 

were no toxic or untoward reactions. By February, 

1945, Barker (40) had given dicumarin to 1000 patients 

with postoperative venous thrombosis, pulmonary em

bolism, or thrombophlebi tis, with definite sue cess. 

The extremely few cases which showed a tendency to 

bleed were immediately controlled by intravenous ad

ministration of 60 to 64 mg. of menadione bisulfite 

( synthetic vitamin K) or by transfusions with whole 

fresh citrated blood with large doses of menadione 

bisulfite. To date, this is the latest and most ef

fective method of controlling the hemorrhagic effects 

of too much dicumarin. 

Nobody has found any other vitamin of value as 

an antidote for dicumarin. 
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CONCLUSIONS 

Despite the fact that there is yet much to be 

learned about dicumarin and that it is still in the 

experimental stages, there are a nUit.ber of character

istics of the drug which are known with certainty: 

1. Dicumarin is a white crystalline substance 

which is active when given orally and may also be 

given intravenously. 

2. Dicumarin is active only in vivo. 

3. "There is a latent period of twenty-four to 

seventy-two hours before the prcthrombin time is 

prolonged following administrati.on of dicumarin. 

Dicumarin also prolongs clotting time, clot re

traction time, and the red blood cell sedimenta

tion ratee It dilates the capillaries, small ar

terioles, and venule·s. The bleeding time is not 

consistently affected because of the tissue factor 

present when the skin is injured. Dicumarin does 

not dissolve the clot that has already formed, but 

it prevents that clot from extending and allows it 

to become organized." Such is the epitome as 

given by Eugene E. Eckstam (37). 

4. Some persons are highly resistant to dicumarin 

and otters are remarkably susceptible. A definite 

-44-



fixed dosage schedule cannot be made. 

5. The exact mechanism by which dicumarin re-

duces the prothrombin content of the blood is 

still unknown. 

6. When giving the drug, it is advisable to 

carry out daily prothrombin and coagulation de

termina. tions. 

7. Absolute contraindications to the use of di-

cumarin are: subs.cute bacterial endocarditis, 

renal insufficiency from any cause, liver dam

age, existing prothrombin deficiency, blood dys

crasia. with tendency to bleeding. 

8. The only methods of cor-ibating an excessive dose 

are repeated transfusions with fresh whole blood 

and/or administration of large intravenous doses 

of menadione bisulfite (synthetic vitamin K). 

9. The effectiveness of oral administration, the 

cheapness with which it may be administered, and 

its prolonged action make dicumarin preferable to 

heparin in many instances. 

-45-



BIBLIOGRAPHY 

1. Schofield, F. W.: Brief Account of a Disease in 
Cattle Simulating Hemorrhagic Septicemia, 
Canad. Vet. Rec., 3:74, 1922. 

2. Schofield, F. W.: The Cause of a New Disease in 
Cattle Simulating Blackleg, J. Am. Vet. Med. 
Assn. 64:553, 1923-24. 

3. Roderick, L. M., and Schalk, A• F.: studies on 
sweet Clover Disease, North Dakota Agric. 
Exper. Station, Bull. 250, 1931. 

4. Campbell, H. A.; Roberts, W. L.; Smith, W. K., 
and Link, K. P.: Preparation of Hemorrhagic 
Concentrates, J. Biol. Chem. 136:47, Oct. 1 40. 

5. Meyer, o.o.; Bingham, J.B., and Pohle, F. J.: 

6. 

The Effect of the Synthetic Dicoumarin on the 
Prothrombin Time and Coagulation Time, J.A.M.A., 
118:1003, March 21, 1942. 

Campbell, H. A., and Link, K. P.: 
sweet Clover Disease; Isolation 
zation of Hemorrhagic Agent, J. 
138:21-33, March 1 41. 

H emo rrha gi c 
and Crystalli
Biol. Chem. 

7. Stahmann, M.A.; Huebner, c. F., and Link, K. P.: 
Identification and Synthesis of Hemorrhagic 
Agent, J. Biol. Chem. 138:513-527, April 1 41. 

8. Huebner, c. F., and Link, K. P.: Synthesis of a
diketone Derived from Hemorrhagic Agent Through 
Alkaline Degradation, J. Biol. Chem. 138:529-
534, April '41. 

9. Lehmann, J.: Effect of Coumarin and Dicoumarin 
Derivatives on Prothrombin Level, Lancet 1:458-
459, April 1 43. 

10. Overman, R. s., and Others: Hemorrhagic Sweet 
Clover Disease; Anticoagulant Activity and 
Structure in 4-hydroxycournarin Group, J. Biol. 
Chem. 153:5-24, April 1 44. 

11. Roderick, L. M.: Pathology of Sweet Clover Dis
ease, J. Am. Vet. M.A. 74:314, 1929. 

-46-



12. Roderick, L. M.: Blood Coagulation in sweet 
Clover Disease of Cattle, Am. J. Physiol., 96: 
413, 1931. 

13. ~uick, A. J.: Coagulation Defect in Sweet Clover 
Disease, Am. J. Physiol., 118:260, Feb., 1937. 

14. Campbell, H. A.; Smith, W. K.; Roberts, W. L., 
and Link, K. P.: Hemorrhagic Sweet Clover Dis
ease, J. Biol. Chem. 138:1-20, March 141. 

15. Richards, R. K., and Cortell, R.: Studies on 
the Anticoagulant 3,3 1 -Methylene-Bis (4-Hydr
oxycoumarin), Proc. Soc. Exper. Biol. & Med., 
50:237, June 142. 

16. Lehmann, J.: Hypoprothrombinemia Produced by 3, 
3 1 -methylene-bis (4-hydroxycoumarin), Science 
96:345-346, Oct. 1 42. 

17. Prandoni, A., and Wright, I.: The Anti-Coagul
ants, Heparin and Dicoumarin, Bulletin of the 
New York Academy of Medicine, 18:433, July 1 42. 

18. McRoberts, J. W.: The Use of the Dicoumarin 
Preparation, Journal of the International Col
lege of Surgeons, 5:277, July-August 142. 

19. Wasserman, L. R., and Stats, Daniel: Clinical 
Observations on the Effect of Dicumarin, Am
erican Journal of the Medical Sciences, 206: 
466, October, 1943. 

20. Barker, Nelson W.: The Use of Dicumarol in Sur
gery, Minnesota Medicine, 27:102, February 144. 

21. Davis, Albert and Porter, Margaret: Dicoumarin 
in the Treatment of Puerperal Thrombosis, 
British Medical Journal, 1:718, May 144. 

22. Young, G. Alexander: Use of Dicumarol in Cere
brovascular Diseases, Journal of the Omaha Mid
West Clinical Society, 5:78, August, 1944. 

23. Ottenheimer, Edward J.: The Use of Heparin and 
Dicoumarin in the Treatment of Thrombophlebitis, 
New Zealand Medical Journal (supplement}, P• 12, 
April 1 43. 

-47-



24. Field, J. B.; Overman, R. s., and Baumann, c. A.: 
Effect of 3,3 1 -methylene-bis-4-hydroxycoumarin 
on Prothrombin Activity during Pregnancy and 
Lactation, Am. J. Physiol. 137:509-514, Oct. 1 42. 

25. Baumann, c. A.; Field, J.B.; Overman, R. s., 
and Link, K. P.: Induced Vitamin C Excretion 
in Rat and Its Effect on Hypoprothrombinemia 
Caused by Dicumarin, J. Biol. Chem. 146:7-14, 
Nov. '42. 

26. Richards, R. K.: Influence of Fever upon Action 
of Dicumarin, Science 97:313, April 1 43. 

27. Brambel, Charles E. and Loker, F. F.: Applica
tion of Dicumarin in Trauma and Gangrene, Ar
chives of Surgery, 48:1, January 1 44. 

28. Steggerda, F. R., and Richards, R. K.: Effects 
of Certain Anesthetics on Prothrombin Time in 
Rat before and after Administration of Dicum
arol, Anesth. & Analg. 22:1-4, Jan.-Feb. 143. 

29. Walker, J. and Rhoads, J.E.: Effect of Dicum
arol on Susceptibility to Action of Heparin, 
Surgery, 15:859, May 1 44. 

30·. Wakim, K. G.; Chen, K. K., and Gatch, W. D.: The 
Influence of Thyroid Principle on the Pro
thrombinopenic Action of Dicumarol, Surg., 
Gynec. & Obst. 80:178, Feb. 1 45. 

31. Evans, J. A.: Combined Use of Heparin and Dicum
arol in Thrombophlebitis and Pulmonary Embolism, 
Lahey Clin. Bull., 2:248, April 1 42. 

32. Le Fevre, F. A.: The Effect of Dicumarol on the 
Prothrombin and Coagulation Times of the Blood. 
Preliminary Report, Cleveland Clinic Quarterly, 
9:147, July 1 42. 

33. Meyer, o. o.; Bingham, J.B., and Axelrod, v. H.: 
Studies of the Hemorrhagic Agent, Dicumarin. 
The Method of Administration and Dosage, Amer
ican Journal of the Medical Sciences, 204:11, 
July 1 42. 

34. Shapiro, s., and Sherwin, B.: Studies in Thrombo
Embolization: II. Observations on Use of 

-48- l 
;1 
;I 
ii 
l 
i 



Dicumarol in Embolization, New York State J. 
Med. 43:45, Jan. 1, 1943. 

35. Butsch, W. L., and Stewart, J. D.: Clinical Ex
periences with Dicoumarin, Journal of the Am
erican Medical Association, 120:1025, Nov. 28, 
1942. 

36. Zucker, Howard D.: Clinical Experiences with Di
cumarol. Report of Eighteen Cases, Journal of 
the American Medical Association, 124:217, Jan
uary 22, 1944. 

37. Eckstam, Eugene E.: The Clinical Use of Dicum
arol, Minnesota Medicine, 27:455, June 1 44. 

38. Meyer, o. o., and Spooner, M.: Rectal Adminis
tration of Dicumarin, Proc. Soc. Ex.per. Biol. 
& Med. 54:88, Oct. 1 43. 

39. Hurn, Margaret; Barker, N. w., and Magath, T. B.: 
Prothrombin Time Determinations Following the 
Administration of Dicumarol, Proceedings of the 
Staff Meetings of the Mayo Clinic 19:507, Oct. 
1 44. 

40. Barker, Nelson w., et al.: The Use of Dicumarol 
in the Prevention of Postoperative Thrombosis 
and Embolism, Surgery 17:207, Feb. 145. 

41. Rose, c. L.; Harris, P. N., and Chen, K. K.: The 
Toxicity of 3,3 1 -methylene-bis-4-hydroxycoumar
in, Proc. Soc. Exper. Biol. and Med. 50:228-
232, June 142. 

42. Wakim, K. G.; Chen, K. K., and Gatch, W. D.: The 
Irrnnediate Effects of Dicumarin on Experimental 
Animals, Surg., Gynec. & Obst. 76:323-326, 
Mar. '43. 

43. Richards, R. K., and Steggerda, F. R.: Dicumarol 
in Rats with Impaired Liver or Kidney Function, 
Proc. Soc. Exper. Biol. & Med., 52:358, April, 
1943. 

44. Davidson, Charles s. and Mac Donald, Harriet: A 
Critical Study of the Action of Dicumarin, Am. 
J. of the Medical Sciences, 205:24, January, 
1943. 

-49-



45. Bingham, J.B.; Meyer, o. o., and Howard, B.: 
Studies on the Hemorrhagic Agent 3,3 1 -Methyl
enebis (4-Hydroxycoumarin). Part III. A Re
port on Further Clinical Observations, Ameri
can Journal of the Medical Sciences, 205:587, 
April 143. 

46. Cahan, A.: Hemorrhage and Purpura Caused by Di
coumarin; Case, New England J. Med. 228:820-
822, June 24, 1943. 

47. Wright, I. s., and Prandoni, Andrew: The Dicou
marin, Its Pharmacologic and Therapeutic Action 
in Man, Journal of the American Medical Assoc
iation, 120:1015, November 28, 1942. 

48. Overman, R. S.; Field, J.B.; Baumann, c. A., and 
Link, K. P.: Effect of Diet and Vitamin Kon 
Hypoprothrombinemia Induced by Dicumarin in Rat, 
J. Nutrition 23:589-602, June 1 42. 

49. Shapiro, S.; Redish, M. H., and Campbell, H. A.: 
Effect of Vitamin K upon Hypoprothrombinemia 
Induced by Dicumarol in Man, Soc. Exper. Biol. 
& Med. 52:12-15, Jan. 1 43. 

50. Cromer, H. E., Jr., and Barker, N. W.: Effect of 
Large Doses of Menadione Bisulfite (Synthetic 
Vitamin K) on Excessive Hypoprothrombinemia In
duced by Dicumarol, Proc. Staff Meet., Mayo 
Olin., 19:217, May 3, 1944. 

51. Townsens, Stuart R. and Mills, Edward S.: The 
Effect of the Synthetic Haemorrhagic Agent, 3, 
3 1 -Methylenebis (4-Hydroxycoumarin), in Pro
longing the Coagulation and Prothrombin Time 
in the Human Subject, Canadian Medical Associa
tion Journal, 46:214, March 142. 

-50-

l 
j 
'I 
\\ 
H 


	Dicumarol : its physiological effects
	Recommended Citation

	tmp.1670882043.pdf.v__dv

