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Studies on the Anticoagulant 
3,3’-Methylene-Bis- (4-Hydroxycoumarin) . 

R. K. RICHARDS AND RUTH COIITELL. 
Prom th,e Abbott  Laboratorics North, Chicago, I l l .  

Recent reports on experimental and clinical studies of 3 3’- 
methylene-bis- (4-hydroxycoumarin) , ( Dicurnartd* ) , a substance 
originally isolated from spoiled sweet clover and capable of decreas- 
ing the prothrombin content of blood in vivo, have indicated the pos- 
sible application of this material in clinical medicine. 

The history, cliemical isolation, synthesis and assay of 3,3’- 
rnethylene-bis- (4-hydroxycouiiiarin ) have heen described in a nurn- 
her of papers by Link and Experiinental and clinical 
investigations have heen conducted by Butt and associates.6 as well 
as hy Meyer and c o w o r k e r ~ . ~ ~ ~  Further data have appeared in the 
Anierican’ and foreign”’ ’’ literature. 

Unlike heparin, Dicuniarol does not irihihit blood coagulation in 
vitro. It exerts its anticoagulant effect following oral or parenteral 
adniiriistration, but there is a considerable laterit period whichever 
route is used. This publication deals with its efficacy in preventing 
throm1)osis and its toxicity. 

Meyer and coworkers7 attempted to demonstrate the ability of 
the TXcumarol to inhibit experimental thrombosis, but they found 

* Dicumarol is the collective trademark of the Wisconsin Alumni Research 
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their methods inadequate. In our experinients we used a method 
similar to the one developed in Best’s laboratory.I2 Thronibosis 
was produced in the peripheral veins of dogs and the preveiitioli of 
thrombus formation was attempted in other dogs by preniedication 
of the animals with Dicumarol. 

Segments of about one inch in length of the radial and saphenous 
veins of dogs were injected throug-li the skin with 0.15 or 0.25 cc of 
etlianolaniine oleate ( AIonolate, ,\bbott), while they were teni- 
porarily excluded from the circulation by finger pressure applied 
on the proximal and distal ends of the segment. This compression 
was sustained for 3 niinutes and tlicn relieved, permitting- restoration 
of circulation. Two to 4 veins \\-ere used in each of 4 animals. 
These segments of the veins were removed 3 to 7 days after the 
in jectioii and were examined liistologically. The data are assembled 
in the table. --Is the results indicate, thrombus formation follows 
this procedure in almost all cases, particularly when the veins were 
removed 6 or 7 days after injection. 

In the next series of experiments. 4 dogs weighing 6 to 9 lig were 
given 10 or 25 ling daily of Dicuniarol by mouth. Their plasnia 
prothronihin time was deterniiiied before and during the adniinis- 
tration by Link’s4 modification of the method described by Quick. 
We used the whole plasma and a 25 and 12.5% dilution, as recom- 
mended by Link and coworkers. Coagulation time of whole blood 
was measured by the method of Lee and White. (See table.) The 
prothrombin time of these dogs rose within 36-48 hours and then 
increased rapidly, while the coagulation tinie increased less markedly. 
Three to 5 days after the feeding with Dicuniarol was started, 
Monolate was injected in 3 veins of each dog as described above. 
The administration of Dicumarol was continued at the same level. 
The veins were removed 3 to 6 days after the iiijection through a 
small incision whicli was caref~illy closed, in some cases with the 
local application of thrombin powder. In spite of these precautions 
the wounds oozed considerably and a blood transfusion of 100 cc 
given to 2 of the dogs was of temporary benefit only. All 4 died 
of anemia due to hemorrhage a few days after the veins were re- 
moved. Careful histological examination of all veins was made. 
As can be seen in the table, 8 of the 12 veins showed no change at  all 
except a hypertrophy of the wall in one of them. ,4 slight fibrin 
deposit was present in one vein and beginning or moderate thrombus 
formation in two. Only one vein showed an extensive thrombosis. 
12 Murray, D. W. G., Jaques, M. A., Perrett, T. S., and Best, C. H., Surgery, 

1937, 2, 163. 
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TABLE I. 

Dicumarol. 
Thrombus Formation by Intravenous Monolate Injection and Inhibition of Thrombosis by 

Prothrombin time of 
12.5% plasma. Below in 
( ) blood coagulation time 

Daily removed, Histological J \ 
dose, No. of Monolate, days findings On day of 

Dog mg doses cc afterinj .  (thrombosis) Normal monolate inj. 

Vein 

A 

B 

0 
0 

.25 

.25 
3 
7 

++ +++ 
.15 
.15 
.25 
.25 

t ++ + +++ 
C .15 

.15 

.25 

.25 

3 
7 
3 
7 

(+ I  +++ 
(+) +++ 

0 
0 
0 
0 

D .15 
.15 
.25 
.25 

(+) +++ + +++ 
Negative 

Hypertrophy of wall ; 
? ,  

no thrombus. 

49 1 .Of/ 
( 8 f O f ~ )  

I 1 0  
1 0  
10  

7 .25 
7 2 5  
7 .15 

3 
5 
5 

33.4ff 
(4f20f’) 

279” 
(6’30/’) 

I1 

I11 

I V  

10 
10 
1 0  

1.5 .25 
15  .25 
15 2x .25 

G 
G 
6 

Negative 

Negative 
+++ 

196.2” 
(7f 3 0 9  

25 
25 
25 

7 2.5 
7 .25 
7 .15 

3 
5 
5 

J J  

Slight fibrin deposit 
Nega.tive 

Negative + 
(+) 

32.6” 
( S f  O l f  ) 

17 1” 
( 5f01f) 

25 
25 
25 

9 .25 
9 .25 
9 .25 

6 
6 
6 

(+) Some fibrin deposits. 

++ Wall adherent thrombus ; lumen not completely occluded. 
+ Intima damage and beginning thrombosis. 

4- + + Completely or  almost completely occluding thrombus with advanced organization. 

Thus, the administration of Dicumarol in the doses selected was 
capable of greatly reducing the incidence of thrombus formation as 
compared with untreated controls. 

Histological examinations of the tissues of the 4 dogs dying as a 
result of operation during the Dicuniarol administration were per- 
formed. The general picture was that of advanced anemia, and of 
particuiar interest was the occurrence of fatty infiltration of the 
liver and scattered zones of necrosis in this organ in 2 of these 4 
dogs. LVhile the mechanism of the prothrombin depression pro- 
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d u c d  by l)icuniarol is not 1c.t uiidei-stood, it is possible that the de- 
pression is a result of ;i direct toxic action on the liver. For this 
reason a study o f  liver pathology aiid liver function appeared indi- 
cated. Two dogs were given 10 or 25 mg respectively of Dicurnarol 
for 10 days. The aiiinial having received the 25 nig dose died on the 
11th day of interiial hemorrhage. Its liver showed a marked cloudy 
swelling, edema, and areas ( ) f  I)eg-iiiiiing nccrosis. The other dog 
was killed and autopsictf. 1-1 crt‘ the liver showed a moderate degree 
of cloudy swelling, ;i vacuoIizatioii o f  the cells, hut no signs of 
necrosis. Iiicitlentally. :t niodcrate decrease o f  hemoglobin and RBC 
count occurred in most o f  the :iiiiiiials, even wlien no signs of bleed- 
ing could hc detected. ‘rile \ \ * I < ( ‘  anti the uriiie examination did not 
show peculiarities. 

In  order to investigate the. 1)ossiI)ilitj- of functional liver damage, 
1)romsul falein retcritioii m(1 intravenous glucose tolerance were 
studied in 2 clogs weighing 17 a i i t l  18 kg respectively. Each dog was 
injected intravenouslj- twicc iri a ,$clay interval with 900 rng/kg o f  
glticose and tlie 1)lood sugar- cfc.teriiiiiic.tl before and 15, 30, 60, and 
120 niinrites after the glucose iiijvction. Then, each of the 2 dogs 
~ v a s  j i i  jcctcd ititi-niiiii..;ciil;ir-I!. ,,.it11 30 mg o f  Dicumarol daily for 
6 days. Experiments o i l  dogs hat1 showti tliat a 2% stispension of 
the 1)icuniarol in tragacaiith c;in be injected intraniuscularly and is 
effective. However, it d o ~ s  riot swni tliat this rriode of administration 
greatly hastens thc onset o f  the effect. Oral admiiiistration was 
resorted to for mot1ic.r 0 clays 0 1 1  accouiit o f  pain rind swelling fol- 
lowing tlie re1)eated in jcctions. t’rot1iroiiil)in times were routinely 
detcrniinecl. Oil tlic last clay o f  thc adii~ioistratioris, the glucose 
tolerance test was 1-epeated h i t  failed to show a significant devia- 
tion from the previous control tests in h t h  dogs. Similarly, intra- 
venous hromsulfalein in jectioris with 5 rng/kg given before and after 
the administration of Dicuninrol (lid not reveal an increased dye re- 
tention. The ahscnce o f  functional liver t1:tiiiage in these experiments 
is in agreeinerit with clinical fititling-s published hy Meyer and asso- 
ciates.’ 

One monkey of 
4 kg weight was given 5 nig’kg- o f  Dicumarol orally daily and an- 
other one o f  3.0 kg u-ciglit. 10 iiig’kg daily. Their plasma pro- 
throi~ihin time rose rapidly froin a normal value of 50 seconds for 
the undiluted plasma to 600-700 seconds within 3 days. While being 
handled, both monkeys contracted minor external in juries and siib- 
cutaneous bruises which resulted in chronic hemorrhage. The ani- 
mals finally hecanie anernic and had to be killed 8 to 10 days after 

Experiwnts i.tz I l l o d c y s  (!lfcirmczt.r .~.hr.w.r). 



the beginning of the experiments. The autopsies showed a llicture 
of marked internal hemorrhage and advanced anemia. One of 
them showed an increased fat content of tlie liver and both had a few 
areas of necrosis in this organ. The other organs were negative 
except for a marked capillary dilation and a moderate degree of 
cloudy swelling, 

Three groups of 6 animals each 
were formed. The first group was kept on a nori11al diet, the second 
one received a daily injection of SO rng of vitamin C in addition to 
this diet, and the third group coiisisted of animals which were kept 
on a vitamin C-free diet for the last 2 weeks and through the duration 
of this experiment. All animals were given orally 25 nig of Di- 
cumarol every second day until death occurred. The average survival 
times for the 3 groups were 5 ,  4.5, and 3.5 days respectively. While 
the small number of animals makes a statistical evaluation imprac- 
tical, a tendency of the vitamin C-depleted animals to succumb earlier 
to the Dicurnarol is apparent. This is in agreement with observations 
made by Sullivan in Link’s 1ab0ratory.l~ 

Fiistological examination of tlie livers in several animals of all 3 
groups showed a tendency to fatty infiltration and degeneration and a 
few foci of early necrosis. An identical picture was observed in 
guinea pigs kept on a vitamin C-free diet without administration of 
Dicuniarol. Such changes were found to he entireIj- reversible 
after normal dietary conditions were restored to the vitamin C-de- 
pleted animals. A connection between vitamin C level and sensitivity 
to Dicumarol must be considered possible. 

Coimneiats clmi Szinu.~inry. 3,3’-methylene-bis- (4-hydroxycou- 
marin), Dicumarol, was shown in our experiments to be able to 
greatly reduce the incidence and degree of thrombus formation fol- 
lowing tlie intravenous iiijection of Monolate in dogs. In dogs and 
monkeys some signs of necrosis of the liver were found in a number 
of animals, hut since most of them suffered from a severe anemia, 
the significance of this finding is questionable. The livers of guinea 
pigs treated with the sweet clover factor showed changes as they 
occur in vitamin C-depleted animals. Intravenous glucose tolerance 
and bromsulfalein retention tests failed to show liver damage in 
animals not suffering from bleeding due to the administration of the 
drug. While this is in agreement with clinical findings, further 
studies of the physiology of this substance with particular reference 
to liver function appear indicated. 

Our present experience shows that there is a considerable difference 

Experimeitts in Guiizen Pigs. 

13 Sullivan, W. R., Doctor Dissertation, Univ. Wise., Madison, May, 1942. 
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in tolerance between various species of animals and also among the 
individuals of the same species. The observation that single blood 
transfusions in dogs in a state of extreme depression of the pro- 
tlironibin level were of only temporary benefit, is paralleled by simi- 
lar clinical findings"9 and calls for particular care in avoiding 
excessively high dosage. 
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Comparative Studies of the Effect of Thiamine Deficiency in 
Diabetic and Non-Diabetic Rats. 

CHARLES W. STYROS, HEXRY ST. GEORGE TUCKER, JR., ALISON 
FERNALD RHODES, TODD CRXXE SMITH AND ALEXANDER MARBLE. 

(Introduced by Elliott P. Joslin.) 
From the  George F. Baker Cli,i ic, Scic  England Deaconess Hospital, Boston. 

Certain workers1' ' 9  have claimed amelioration of human diabetes 
with the use of tliianiine, particularly when given in combination with 
other vitamins. RIartid reported intensification of diabetes in de- 
pancreatized dogs on a vitamin B-free diet, with remarkable im- 
provement in carboh]idrate tolerance when thiamine and flavin were 
given. On the other haiid, in normal rats, Lepkovsky, Wood and 
Evans5 found the glucose tolerance impaired only in the later .stages 
of deficiency and McIntyre and Burke' noted very little change in 
glucose tolerance, either with deficiency or excess of vitamin B. 

The present study was undertaken to determine the effect of depri- 
vation of thiamine on the diabetic condition of depancreatized rats 
and to ascertain whether or not diabetic animals, when deprived of 
thiamine, develop signs of deficiency more readily than those without 
diabetes. I t  was hoped that the results obtained might elucidate thepos- 
sible r6le of vitamin C, and specifically of thiamine, in the peripheral 
neuritis encountered in patients with severe, uncontrolled d i a b e t e ~ . ~  
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