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The probable mechanism of action of warfarin, 2-pivalyl-1 ,3-indandione, and other 
acylindandiones is inhibition of the formation of prothrombin or other coagulation factors 
in the liver with a concomitant increase in capillary permeability. Warfarin and the 
acylindandiones profoundly increase prothrombin time in animals receiving small daily 
doses, but little information has been available concerning their action after single doses. 
Measurements were made of the ability of warfarin and a series of acylindandiones to 
increase plasma coagulation time in rabbits after a single dose. Diphenylacetylindandi- 
one was the most powerful anticoagulant. Warfarin was relatively ineffective. Some 
of the less active indandiones and some compounds not included in the single-dose experi- 
ments were tested at low diurnal and semidiurnal doses. lsobutyrylindandione was the 
most active compound in this group. Vitamin K1 was effective in reversing the effects of 
diphenylacetylindandione 

NTICOAGULANT COMPOUNDS have A come into widespread use in recent 
years to combat harmful rodents. This 
trend was started after Campbell and 
Link isolated and crystallized the agent 
responsible for hemorrhagic sweet clover 
disease ( 7 ) .  Link and coworkers identi- 
fied the compound as 3,3'-methylenebis 
(4-hydroxycoumarin) and succeeded in 
synthesizing it (75). Its effect on the 
plasma prothrombin time of various 
animals was studied (9 ) ,  and later the 
anticoagulant action of 105 related 
compounds was compared with that of 
the 3,3 '-methylenebis (4-hydroxycouma- 
rin) (8).  Compound 42 in this series 
[ 3 - (a- acetonylbenzyl) -4- hydroxycouma- 
rin], later named warfarin, was studied 
and found to possess species specificity 
for susceptibility to its action. The rat 
was especially affected, which suggested 
to Link and associates that warfarin 
might be useful in the control of rodents 

Warfarin has been used effectively by 
military and civilian agencies for con- 
trolling rodents (3, 76). In use, warfarin 
is incorporated into cereal baits in a 
concentration of 0.025%. The  rodent 
feeds on the bait for days, ingesting small 
daily doses of the rodenticide which 
eventwally result in a hemorrhagic death. 

In 1944 Kabat ( 6 )  described the anti- 
coagulant properties of a series of 2- 
acyl-l,3-indandiones which previously 
had been reported by Kilgore (7)  to 
possess insecticidal properties. The 
compound reported to be most effective 
in both anticoagulant and insecticidal 
action was 2-pivalyl-l,3-indandione 
(Pival). Since then Pival has come into 
general use as a rodenticide similar in 
activity to warfarin, but possessing the 

( 73). 
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on plasma coagulation time. 

additional advantage of insecticidal 
action. 

The mechanism of action of the 2- 
acyl-l,3-indandiones seems to be similar 
to that of the dicoumarol-like compounds 
in impairing the capacity of the liver to 
form one or more coagulation factors 
(5, 73), and in producing capillary dam- 
age (6, 70), a combination of actions 
which may result in a hemorrhagic 
death. 

A crude but convenient method of 
measuring the anticoagulant action of a 
compound is the one-stage prothrombin 
method of Quick (77). Although this 
method does not differentiate among the 
various factors involved in blood coagu- 
lation, it does yield valuable information 
about the over-all effects of anticoagu- 
lant compounds. The work reported 
here was undertaken to compare various 
indandiones and related compounds 
with warfarin for ability to produce an  
increased plasma coagulation time after 
oral or parenteral administration. 

Procedure 

Rabbits of mixed breed and sex were 
used in these experiments. Plasma 
coagulation time was measured by a 
procedure similar to that described by 
Quick (77). Blood (2.5 cc.) was drawn 
from a marginal ear vein into a syringe 
containing 0.25 cc. of 0.1M sodium 
oxalate. The sample was then centri- 
fuged at  2000 r.p.m. for 7 minutes, after 
which the plasma was drawn off. Then 
0.1 cc. of oxalated plasma was pipetted 
into a small test tube (10 X 75 mm.), 
and 0.1 cc. of thromboplastin was added. 
After the plasma and thromboplastin 
had been mixed, 0.1 cc. of 0.02M calcium 
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chloride was blown into the mixture 
from a pipet and a stopwatch was started. 
The mixture was then agitated and 
observed while the tube was tilted so that 
the fluid ran up and down one side of the 
tube. When the first threads of fibrin 
clot were observed, the watch was 
stopped and the time noted. This time 
was the plasma coagulation time. At 
least two such determinations were 
made on each plasma sample. 'The 
thromboplastin in the above mixture was 
made up  from stock ampoules of desic- 
cated rabbit brain (Difco). In later 
experiments 0.2 cc. of a commercial 
preparation containing thromboplastin 
and calcium chloride (Simplastin) was 
added to 0.1 cc. of plasma, and the 
plasma coagulation time was measured 
as above. The two procedures gave 
different normal values of plasma co- 
agulation time. In general, the values 
obtained by the Simplastin procedure 
were lower than those obtained using the 
thromboplastin (Difco) method. 

The copper and iron derivatives of the 
indandiones, 2- benzoyl-l,3-indandione, 
2 (3-furylacrylyl)-l,3-indandione, 2-iso- 
butyryl-l,3-indandione, 2-heptanoyl- 
1,3-indandione. 2-propionyl-l,3-indandi- 
one, 2-phenylacetyl-l,3-(5-nitro)indan- 
dione, isovaleryl phthalimide? benzoyl 
ethyl acetoacetate, and dibenzoyl pival- 
ylmethane were prepared in these labo- 
ratories. The other compounds listed 
in Tables I and I11 were obtained from 
commercial sources. 

A typical procedure for testing a com- 
pound when administered parenterally 
is as follows. '4 normal blood sample 
was taken from a rabbit, and the plasma 
coagulation time was determined. The 
drug was then administered intraperi- 



toneally. and coagulation time was de- 
termined at 2, 8, 24, 48, 72, and 96 hours 
thereafter. All the compounds were 
tested a t  a single dose of 40 mg. per kg. 
Those compounds which markedly in- 
creased the plasma coagulation time 
were tested similarly at a dose level of 
5 mg. per kg. 

Some of the compounds which shorved 
little or no activity at the level of 40 mg. 
per kg. were tested for their ability to 
increase plasma coagulation time when 
administered orally in daily or twice 
daily doses of 5 mg. per kg. Some 
compounds not previously tested were 
also screened in this manner. 

T o  test the thrrapeutic effectiveness of 
vitamin KI. only diphenylacetylindan- 
dione was used. This compound was 

selected because of its known high 
potency in producing an increase in 
plasma coagulation time. Rabbits pre- 
viously injected with 10 mg. per kg. of 
diphenylacetylindandione intraperitone- 
ally were given 5 mg. per kg. of vitamin 
KI  (Mephyton) in saline intravenously 
at various times after the injection of the 
anticoagulant. Plasma coagulation time 
was measured a t  various time intervals 
after the injection of the indandione. 

Results 

Table I shows typical plasma coagula- 
tion times obtained after single injec- 
tions of 40 mg. per kg. of various sub- 
stances. The  compounds tested include 
warfarin, nine indandiones, and also 

four compounds of related structures. 
Figure 1 is a graphic representation of 

data derived from the values given in 
Table I. The  highest measured ratio of 
postinjection plasma coagulation time to 
preinjection coagulation time is given for 
each compound tested. The time a t  
which this highest ratio occurred is given 
in parentheses above each bar. The  
drugs giving the greatest responses were 
diphenylacetylindandione (the free acid 
and the iron salt), pivalylindandione, and 
phenylacetylindandione. 

Table I1 gives typical plasma coagula- 
tion times after single injections of 5 mg. 
per kg. of those compounds which 
showed significant anticoagulant activity 
a t  the 40 mg. per kg. level. 

Figure 2 is a graphic representation of 

Table 1. Plasma Coagulation Times in Rabbits after Single Intraperitoneal Dose of 40 Mg. per Kg. 
Time after Administration, Hours 

0 2 8 24  48 72  96 No. ofe 
Compound Experimental Plasma Coagulation Times, Seconds Animals 

Diphenylacetyl-b 11 .2  11.6 18.3 40.0 150,3 Dead . . .  3 
Diphenylacetyl- (Fe++ cmpd.)h 11 . ?  9 . 2  12.1 20.1 55.0 > 200 >200 1 
Pivalyl-* 11.2 10.6 11 .5  15.6 43.9 >200 >200 2 
Phenylacetyl-b 8 . 7  . . .  14.1 28.2 >200 >200 >200 3 
Isovaleryl- (Fe+-- cmpd.)* 8 . 4  10 .3  8 . 8  19 .0  >200 58.0 Dead 2 
Acetyl-+ 5 .5  11.7 15.4 25.9 60.1 26 .4  32.4 3 
Isovalervl-$ 9 . 2  13.1 14.9 32.2 61.4 36 n 13 7 3 
Isovaleryl- (Cu - + cmpd. ) b  9 '  13 9 13 0 13 4 43 2 51 5 57 5 3 
Warfarin 9 6  12 0 10 2 16 6 36 7 18 3 14 8 2 
Benzoyl-$ 8 .0  10 .2  11.9 13.8 10.1 9 . 0  10 .3  1 
Isovaleryl phthalimide 10 .1  9 . 5  9 .0  9 .4  11.1 12.9 10.2 2 
Benzoyl ethyl acetoacetate 10 .1  11 .4  10 .3  9 . 2  10.3 12.6 12.2 2 
Diacetylisovalerylmethane 9 .2  8 . 7  10 .6  12.7 8 . 3  12.6 16.6 1 
Dibenzoylpivalylmethane 9 .4  8 .6  8 . 8  9 .0  10 .2  9 .7  9 . 7  1 

0 Where more than one animal was used, data represent values from single typical experiment. 
* Indandione. 

Table I I .  Plasma Coagulation Times in Rabbits after Single Intraperitoneal Dose of 5 Mg. per 
Time after  Administration, Hours 

Experimental Plasma Coogulotion Times, Seconds 
0 2 8 24 48 72  96 

Compound 

Diphenylacetyl-b 8 . 9  10.4 11 . o  19.6 47.7 42.7 >200 

Phenylacetyl-b 11 .5  16 .4  11.8 22.1 21.8 60.9 97.1 
Isovaleryl- (Fe+--  cmpd. )* 9 .6  10 .1  10 .4  12.3 11.5 12.1 10.1 
Acetyl-b 11 . 0  11.6 12.7 11 .8  14.2 15 .2  11 . ?  
Isovaleryl-b 12.1 13.3 12 .3  13.2 11 .6  10 .6  10.8 
Isovaleryl- (Cu ++ cmpd.)b 10.5 12.7 10.5 11 .5  13.7 15.1 10 .9  
Warfarin 7 . 9  11.6 11 . o  21.9 35.2 13 .6  11 .7  

Pivalyl-b 9 . 2  13 .2  13 .3  20.1 111.5 101.1 67.5 

a Where more than one animal was used, data represent values from single typical experiment. 
Indandione. 

No. of" 
- Animals 

CI 
L 

L 
3 

Table 111. Change of Plasma Coagulation Times in Rabbits Given Daily Doses (Per Os) of 1,t-lndandiones" 

Time after  Administrafion, Hours 

2 - R- I ,  3 - indandione, Daily Dose, 0 48 72  96 
R= M s . / K s .  Experimental Plasma Coagulation Time, Seconds 

Isobutyryl- 5 7 .5  12.5 24.0 > 200b 
Propionyl- 5 6 . 4  9 .0  13.5 34.9 

Heptanoyl- 5 6 . 3  14.7 18 .7  20.8 
Isovaleryl- 5 5 . 8  7 .5  13.2 24.7 

Acetyl-. 5 5 .9  8 .0  10.2 13.3 
Benzoyl- 5 7 . 1  6 .9  6 . 4  7 . 6  
3-Furylacrylyl- 5 8 .0  6 . 7  6 . 8  7 .6  
Phenyl- 5 7 .6  7 .8  6 . 6  6 .8  

a Data from single experiments. 
b Died in 8 days. 
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Figure 1. Anticoagulant effect of various compounds in rabbits 

Single dose, 40 mg. per kg. 

data derived from the values given in 
Table 11. presented in the same manner 
as in Figure 1. Diphenylacetylindan- 
dione is the most effective compound at 
5 mg. per kg., followed by pivalyl- 
and phenylacetylindandione. Although 
none of these latter compounds could be 
differentiated at the 40 mg. per kg. level. 
the loiter dose elicited a sharp decline in 
activity for pivalyl- and phenylacetyl- 
indandione. Warfarin appears to be no 
more effective at  40 mg. per kg. than at 
5 mg. per kg. 

Table I11 gives plasma coagulation 
times of rabbits which were given daily 
oral doses of indandiones. The com- 
pounds are listed in order of decreasing 
effectiveness. 2-Isobutyryl-I .3-indan- 
dione was effective, producing a plasma 
coagulation time greater than 200 sec- 
onds at  96 hours after the initial dose. 
This animal died 8 days after the first 
dose. 2-Benzoyl-l,3-indandione. 2-(3- 
furylacrylyl)-l,3-indandione, and 2- 
phen) 1-1 -3-indandione were ineffective 
in producing a prolonged plasma co- 
agulation time. 

Table IV gives plasma coagulation 
times of rabbits which were given oral 
doses of indandiones twice daily. Here 
again, the compounds are ranked in 
order of decreasing effect. Isovaleryl- 
indandione was no more effective when 

given twice daily than when given only 
once daily. 2-Phenyl-1,3-indandione 
showed more activity when given twke 
daily than when given only once daily. 

Vitamin K1 given intravenously ap- 
peared to be effective in reversing the 
anticoagulant action of diphenylacetyl- 
indandione. 4 s  seen in Table V. if the 
vitamin K1 was given 8 or 24 hours 
after administration of the anticoagulant, 
the plasma coagulation time never in- 
creased beyond norinal limits. If the 
vitamin K1 \vas given 48. 7 2 >  or 96 
hours after the anticoagulant. the rise 
in plasma coagulation time which had 

occurred (rising to more than 100 
seconds in the 96-hour instance) was 
restored to near normal levels within 
24 hours. 

Discussion 

Of the compounds considered here, 
three stand out as very effective in pro- 
longing plasma coagulation time after 
a single injection. In order of decreas- 
ing activity they are: 2-diphenylacetyl- 
1 !3-indandione, 2-pivalyl-l , 3-indan- 
dione, and 2-phenylacetyl-1.3-indan- 
dione. At the dose level of 40 mg. per 
kg. the toxic action of diphenylacetyl- 
indandione was so severe that many of 
the animals died within 7 2  hours after 
injection of the drug. At necropsy the 
skin was usually blanched and the peri- 
toneal cavity contained large amounts of 
sanguinous fluid. 

96 
hr. 

Figure 2. 
ous compounds in rabbits 

Anticoagulant effect of vari- 

Single dose, 5 mg. per kg. 

Table IV. Change of Plasma Coagulation Times in Rabbits Given 

Time after Administration, Hours - 

Semidiurnal Doses (Per Os) of 1 ,3-lndandionesa 

2-R- I ,3-indondione, Semidiurnal 0 48 72 96 
R =  Dose, Mg . lKg .  Experimental Plasma Caogulotion Time, Seconds 

5 5 . 8  13.4 h 
3 6 . 0  11.1 1218 2 2 : 9  

Phenyl- 5 6 . 2  1 1 . 2  11.7 7 . 7  
Benzoyl- 5 6 . 2  9 . 6  8 . 9  11.1 
3-Furylacrylyl- 3 6 . 2  6 . 9  6 . 6  9 . 2  

Acetyl- 
Isovaleryl- 

Phenylacetylc 5 5 . 9  6 . 2  6 . 6  5 . 6  

a Data from single experiments. 
b Animal died. 

-1,3-(5-nitro) indandione. 
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Table V. Effect of Intravenous Vitamin K1 on Plasma Coagulation Time 

(Given at various intervals after intraperitonral administration of 10 mg. per kg. of diphenylacetylindandione in rabbits) 

Time o f  Intravenous 
Administration of 

Vifamin K1 N0.b Time a f t e r  Adminisfrafion, Hours 
( 5  M g . / # g . ) ,  o f  0 2 4  48 72 96 1 2 3  J 4 4  

Hours o f f e r  DPAI“ Animals Plasma Coogulotion Time, Seconds 

8 4 7.4 9.1 1 0 . 1  12 9 7 3  
24 
48 
72 
96 

1 6 4  
1 7 8  
2 ’ 1  
5 - 0  106 1 8 4  7 2  

Dipheriylacetylindandione. 
b Where more than one animal was used, data represent values from single typical experiment. 

If the compound being tested showed 
any appreciable activity, an  increase 
in the plasma coagulation time was 
apparent Lvithin 24 hours. In many 
cases the coagulation time \vas at its 
highest value at the time of the 96- 
hour sample. which was the last sample 
taken in these experiments. 

The anticoagulant activity of warfarin 
seems to have a different pattern than 
that of the indandiones. \Vhen given 
in a single dose, warfarin was not strik- 
ingly effvctive in producing a prolonged 
plasma coagulation time, as compared 
with the indandiones. Tables I and 
I1 sholv that the amount of warfarin 
injected appeared to have little effect 
on the extent 3f increase in plasma 
coagulation time. which was approxi- 
mately four times the normal value 
Ivhether a dose #of 5 mg. per kg. or of 
40 mg. per kg. \\as given. This finding 
is consonant with the low toxicity which 
Ivarfarin exhibits when given in a single 
dose to rats (70,72). 

Although the toxicity of warfarin 
increases greatly when the compound 
is given in a series of small daily doses 
(72), Shapiro (74) has reported suc- 
cessful clinical use of this drug for the 
induction of therapeutic hypoprothrom- 
binemia by giving relatively small doses 
initially [ i o  to ’100 mg.). follo\ved by 
maintenance doses of 12.5 mg. per day 
or 25 mg. every other day. 

As could be predicted from toxicity 
studies on the indandiones (72), some 
of the compounds which showed little 
or no activity afr.er administration of a 
single dose produced increases in plasma 
coagulation time after repeated daily 
or semidiurnal closes (Tables 111 and 
I\-). Although iiome of these increases 
are small \\.hen compared to those 
produced by diphenyla?etylindandione> 
the less active compounds may have 
significance in th- treatment of cardio- 
vascular disease. When anticoagulant 
drugs are used clinically for the produc- 
tion of hypoprothrombinemia? only small 
increases in coagulation time are re- 
quired. 2 - Phenyl - 1,3 - indandione 

and benzoylindandione showed only 
slight activity even lvhen administered 
twice daily, but Fisher and others (4) 
have reported the successful use of phenyl 
indandione clinically and point out the 
rapid return of clotting time to normal 
when administration of the drug is 
stopped. I t  is conceivable that ben- 
zoylindandione also may be of potential 
value for clinical use. 

Vitamin KI  (Mephyton-Merck) was 
found to be effective in reversing the 
anticoagulant effect of 2-diphenylacetyl- 
1,3-indandione. In some experiments, 
the plasma coagulation time exceeded 
200 seconds 96 hours after injection 
of the diphenylacetylindandione. A 
dose of 5 mg. per kg. of vitamin K1 
returned the coagulation time to pre- 
injection levels within 24 hours. These 
findings are in agreement with those of 
Correll and others (2). who found that 
vitamin KI administered orally or in- 
travenously in divided doses of from 
20 to 400 mg. per rabbit could reverse 
the anticoagulant action of diphenyl- 
acetylindandione within 24 hours. Cor- 
re11 used a level of anticoagulant ac- 
tivity expressed as 10% of normal 
“prothrombin,” which may mean a 
plasma coagulation time of 20 to 25 
seconds. In  the work reported here, 
even though plasma coagulation time 
sometimes exceeded 200 seconds, normal 
values were obtained within 24 hours 
after a single intravenous injection of 
5 mg. per kg. of vitamin K1. 
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