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SUMMARY

ReN, PETER, LaniBeErTE, RoNanp E., axp Beun, Roserr G.: Effects of warfarin,
phenylindanedione, tetrachloropyridinol, and chloro-vitamin IK; on prothrombin
synthesis and vitamin K metabolism in normal and warfarin-resistant rats. Mol.
Pharmacol. 10, 373-380 (1974).

Anatagonists of vitamin IX—warfarin, phenylindanedione the 2-chloro analogue of vitamin
Ki, and tetrachloropyridinol—blocked prothrombin synthesis completely and without a
lag period in the rat. Experiments to determine the mode of action of the antagonists in-
dicated that they could be divided into two groups. The inhibition of prothrombin synthesis
by all four antagonists was reversed by vitamin I, , but the inhibition in Sprague-Dawley
rats by group 1 (warfarin and phenylindanedione) was not reversed by phylloguinone
epoxide, beeause the group I compounds inhibited the conversion of [*H] phylloquinone
epoxide to the active vitamin, [*H]vitamin K, , and eaused the accumulation of [*H| phyllo-
quinone epoxide in rats that had received injections of the tritiated vitamin. It is proposed
that group I compounds were ineffective in blocking prothrombin synthesis in warfarin-
resistant rats beeause in these animals the conversion from epoxide to KK, is not as sensitive
as in normal animals. Consequently the epoxide ean stimulate prothrombin synthesis in the
presence of group I eompounds in the resistant strain. In contrast, the inhibition of pro-
thrombin synthesis by group I1 (tetrachloropyridinol and 2-chloro-vitamin K;) was reversed
by epoxide, because these compounds inhibited the [*H] phylloquinone epoxide to [*H]
vitamin IX; eonversion much less than those of group I. Similarly, the effect of group I on
the metabolism of [*H] vitamin I, was much smaller than that of group 1. Group II com-
pounds blocked prothrombin synthesis in warfarin-resistant animals at least as well as in
Sprague-Dawley rats. These results are consistent with the idea that coumarin and in-
danedione anticoagulants (group 1) inhibit prothrombin synthesis by causing the aceumula-
tion of an inhibitor of the vitamin, phylloquinone epoxide, and that 2-chloro-vitamin K, and
tetrachloropyridinol (group II) act at another site.

INTRODUCTION leading to the accumulation of a metabolite

of the vitamin, phylloquinone epoxide (1, 2),

The discovery that warfarin profoundly
influences the metabolism of vitamin I<,
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F1G. 1. Structures of vitamin K anlagonists

prompted us to examine the effects of other
vitamin K antagonists on the metabolism of
the vitamin and the regulation of prothrom-
bin synthesis. OQutside of the coumarins, the
most powerful antagonists of vitamin K are
the indanediones, 2-chloro-3-phytylnaph-
thoquinone and tetrachloropyridinol (Fig.
1). The coumarins and indanediones have
been used clinically in treating thrombo-
embolic disease, while the chloro analogue
of vitamin K, has been used in studies of the
mechanism of action of the vitamin (3).
Tetrachloropyridinol was discovered only re-
cently to have anticoagulant activity and to
be antagonistic to vitamin K (4, 5).

It has been demonstrated recently that
warfarin causes the accumulation of a micro-
somal protein which can be converted to
thrombin by Echis carinatus venom (6, 7).
This suggests that warfarin blocks the vita-
min K-dependent conversion of this protein
to active prothrombin (6). We have pro-
posed that warfarin inhibits the production
of prothrombin by causing the accumula-
tion of phylloquinone epoxide, an inhibitor of
the vitamin (2, 8). Vitamin K, is converted
to the epoxide by a microsomal epoxidase
(9), and the epoxide is converted back to the
vitamin by a microsomal reductase which is
inhibited strongly by warfarin (10). In rats
genetically resistant to the coumarin anti-
coagulants the conversion of epoxide to K,
is less sensitive to inhibition by warfarin and
the epoxide does not accumulate (10, 11).
We have compared the effects of the other
vitamin K antagonists with those of war-
farin on the synthesis of prothrombin and
the metabolism of radioactive vitamin K,
and phylloquinone epoxide in Sprague-
Dawley and warfarin-resistant rats.

ET AL.

MATERIALS AND METHODS

[6, 7-H] Vitamin K, and tritiated phyllo-
quinone epoxide were generous gifts from
J. T. Matschiner and C. Siegfried (Bio-
chemistry Department, University of Ne-
braska School of Medicine, Omaha) and were
purified as described previously (1). 2-Chloro-
vitamin K; was kindly provided by J.
Lowenthal (Pharmacology Department,
McGill University, Montreal) and was puri-
fied by chromatography on silicic acid (1).
The sodium salt of tetrachloropyridinol was
a gift from F. Marshall (Dow Chemical
Company, Zionsville, Ind.), and sodium war-
farin, from Endo Laboratories (Garden City,
N. Y.). 2-Phenyl-1,3-indanedione was pur-
chased from K & K Laboratories. Unlabeled
phylloquinone epoxide was prepared ac-
cording to Tishler et al. (12). [*H]Vitamin
K, [*H]phylloquinone epoxide, unlabeled
K, unlabeled epoxide, and 2-chloro-vitamin
K; were dissolved in Tween 80 and diluted
with 0.9% NaCl to make solutions contain-
ing 5% Tween or less; 0.1 or 0.2 ml was in-
jected intracardially or intramuscularly.
Phenylindanedione was also dissolved in
Tween 80, and enough water was added to
make a solution 10 % in Tween and contain-
ing about 3 mg/ml of the antagonist. So-
dium warfarin and sodium tetrachloropyri-
dinol were dissolved in water.

Warfarin-resistant male rats, obtained as
described previously (11), and male Sprague-
Dawley rats (10-15 weeks old) were used in
these experiments.

Plasma prothrombin was assayed by the
method of Hjort et al. (13). Control plasma
was pooled plasma from twenty 11-12-
week-old male Sprague-Dawley rats. The
results are expressed as a percentage of con-
trol prothrombin, although the assay is
somewhat sensitive to the concentration of
factor X, which is also a vitamin K-de-
pendent factor.

RESULTS

Inhibition of prothrombin synthesis by
vitamin K antagonists. Marshall (4) found
that an intragastric dose of tetrachloro-
pyridinol of 4-8 mg/100 g of body weight
was maximally effective in increasing pro-
thrombin times 24 hr after administration.
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FiG. 2. Effects of tetrachloropyridinol (TCP) (A), phenylindanedione (Phe I) (B), and warfarin and

2-chloro-vitamin K, (C) on plasma prothrombin

A. Rats were given an intraperitoneal injection of tetrachloropyridinol (O, 4 mg/100 g; @, 6 mg/100
g). Each point is the mean for three rats, with the vertical lines indicating the standard error.

B. Rats were given an intraperitoneal injection of phenylindanedione (1 mg/100 g) at zero time only
(O) or at zero time and 8 hr (@). Each point is the mean for three rats, with the vertical lines indicat-

ing the standard error.

C. Rats were given an intraperitoneal injection of warfarin (@, 0.1 mg/100 g) or an intracardiac
injection of 2-chloro-vitamin K,; (O, 0.25 mg/100 g). Each point is the mean for four rats, with the

vertical lines indicating the standard error.

After intraperitoneal injection of tetra-
chloropyridinol (4 or 6 mg/100 g) plasma
prothrombin decreased with a half-life of
7.0 hr (Fig. 2A). After this time the rate of
loss decreased, but low prothrombin levels
were found 44 hr after administration. Ad-
ministration of phenylindanedione (1 mg/
100 g) caused prothrombin to decrease
logarithmically, with a half-life of 6.0 hr
(Fig. 2b). To extend the exponential decay
past 8 hr, a second dose of phenylindane-
dione was required. This is consistent with
the rapid disappearance of plasma phenylin-
danedione relative to coumarin anticoagu-
lants observed by Millar et al. (14). For com-
parison, the half-life of prothrombin after ad-
ministration of warfarin or 2-chloro-vitamin
K; was 7.5 hr (Fig. 2C). This suggests that
the four antagonists block prothrombin syn-
thesis completely without a substantial lag
period.

Reversal of inhibition of prothrombin syn-
thesis by vitamin K, . It is well known that
inhibition of prothrombin synthesis by war-
farin or 2-chloro-vitamin K, can be reversed
by vitamin K; (3). In rats treated with
phenylindanedione at zero time and after 8
hr, vitamin K, injected after 12 hr produced
an increase in plasma prothrombin levels

(Fig. 3A). Similarly, in rats treated with
tetrachloropyridinol 24 hr previously, the
vitamin also reversed the inhibition of pro-
thrombin synthesis (Fig. 3B). Marshall (5)
also found that if vitamin K, was adminis-
tered to rats along with tetrachloropyri-
dinol, the prothrombin time returned to
normal more rapidly than with tetrachloro-
pyridinol alone.

Effect of phylloguinone epoxide on inhibi-
tion of prothrombin synthesis. Since phyllo-
quinone epoxide was ineffective against war-
farin because the anticoagulant inhibits its
conversion to vitamin K, (15), it was tested
against the other anticoagulants. The epoxide
was much less effective than vitamin K, in
overcoming the inhibition of prothrombin
synthesis by phenylindanedione (Fig. 3A)
but was as potent as the vitamin in stimu-
lating prothrombin synthesis in animals
treated with either tetrachloropyridinol or
2-chloro-vitamin K, (Fig. 3B and C).

Effect of anticoagulants on plasma pro-
thrombin in warfarin-resistant rats. To test
the effect of other anticoagulants on war-
farin-resistant rats, males were treated with
vitamin K, (25 ug/100 g) in order to increase
plasma prothrombin levels to normal. Re-
sistant rats have prothrombin levels of 17 +
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Fi1G. 3. Inhibition of prothrombin synthesis and reversal by K, and epozxide

A. Effect of vitamin K, and phylloquinone epoxide on inhibition by phenylindanedione (Phe I).
Rats received phenylindanedione (1 mg/100 g) intraperitoneally at zero time and 8 hr. At 12 hr groups
were given vitamin K, (@, 0.25 mg/100 g) or epoxide (O, 0.25 mg/100 g) intramuscularly or served as
controls (A). Blood samples were taken at zero time and 5 and 10 hr after administration of vitamin
K, or phylloquinone epoxide. Each point is the mean for three to five rats, with the vertical lines in-
dicating the standard error.

B. Reversal by vitamin K, and phylloquinone epoxide of inhibition by tetrachloropyridinol (TCP).
Rats that had received tetrachloropyridinol (6 mg/100 g) intraperitoneally 24 hr previously were treated
with vitamin K, (@, 0.12 mg/100 g) or phylloquinone epoxide (O, 0.12 mg/100 g) intramuscularly or
served as controls (A). Blood samples were taken at zero time and 5, 10, and 20 hr after administration
of K, or epoxide. Each point is the mean for three rats, with the vertical lines indicating the standard
error.

C. Reversal by phylloquinone epoxide of inhibition by 2-chloro-vitamin K, (CI-K). Rats that had
received 2-chloro-vitamin K, (0.3 mg/100 g) intracardially 18 hr previously were treated intramuscularly
with phylloquinone epoxide (O, 0.12 mg/100 g) or served as controls (A). Blood samples were taken
5 and 10 hr after epoxide administration. Each point is the mean for three to six rats, with the vertical

lines indicating the standard error.

2.5% (SE) of normal when fed Purina chow
(11). Sixteen hours after the administration
of vitamin, Sprague-Dawley and resistant
rats were given an injection of warfarin,
phenylindanedione, 2-chloro-vitamin K, , or
tetrachloropyridinol, and blood samples were
taken 8 hr later (Tables 1 and 2). Plasma
prothrombin was not decreased in the re-
sistant rats treated with warfarin or phenyl-
indanedione, whereas in Sprague-Dawley
rats carried through the same experimental
procedure, prothrombin decreased with a
calculated half-life of 89 hr (Table 1). In
contrast, 2-chloro-vitamin K, (0.3 mg/100 g)
and tetrachloropyridinol (6 mg/100 g) ap-
peared to block prothrombin synthesis com-
pletely in resistant rats, since the calculated

half-life of prothrombin was 6-7 hr (Table
2). Even a dose of 2-chloro-vitamin K, as
low as 0.05 mg/100 g blocked prothrombin
synthesis effectively in resistant rats, while
the same dose in Sprague-Dawley rats was
not quite as effective. Similarly, tetrachloro-
pyridinol at doses of 6.0 and 1.2 mg/100 g
was slightly more effective in resistant than
in Sprague-Dawley animals.

Effect of phenylindanedione on response to
phylloguinone epoxideinresistant and Sprague-
Dawley rats. Phylloquinone epoxide stimu-
lates prothrombin synthesis in resistant rats
given sufficient warfarin to block prothrom-
bin synthesis completely in Sprague-Dawley
animals, because the ability of the anticoagu-
lant to block the conversion of epoxide to
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TaBLE 1

Resistance of warfarin-resistant rats to
phenylindanedione

Rats received vitamin K, (25 ug/100 g) intra-
muscularly 16 hr before the intraperitoneal in-
jection of phenylindanedione or warfarin. Blood
samples were taken when the anticoagulants were
administered (zero time) and 8 hr later.

Rats Dose No. of Prothrombin
5 O time 8hr
mg/ Yo control
100 g
Resistant
Warfarin 0.3 16 108 120
Phenylin-
danedione 1.0 3 108 109
Sprague-
Dawley
Warfarin 0.3 3 100 50
Phenylin-
danedione 1.0 3 114 64

vitamin K, is greatly reduced in the resistant
strain (10, 11). Phylloquinone epoxide also
stimulated prothrombin synthesis in re-
sistant rats given phenylindanedione 0.5 hr
previously (Fig. 4). For controls Sprague-
Dawley rats, which had low prothrombin
levels from eating a vitamin K-deficient diet,
were treated in the same way. The response
to the epoxide was completely blocked by
phenylindanedione in these animals.
Vitamin K antagonists and metabolism of
[BH]vitamin K, . Since warfarin has such a
marked effect on the metabolism of vitamin
K, the other antagonists were studied. Pre-
viously it was found that warfarin increased
the hepatic ratio of labeled phylloquinone
epoxide to vitamin K, 9-fold compared with
controls after injection of 100 ug of [*H]-
vitamin K; (2). After administration of a
tracer dose of [*H]vitamin K; (5 ng/100 g),
warfarin also increased the epoxide to K,
ratio 6-19-fold, compared with controls, at 2
and 5 hr (Table 3). Although warfarin had
little effect on the total 3H in the liver, the
amount of [*H]vitamin K, was markedly
reduced in comparison with controls, pre-
sumably because it was trapped as the
epoxide. Phenylindanedione also increased
the amount of tritiated epoxide relative to
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TaBLE 2

Lack of resislance of warfarin-resistant rats lo
2-chloro-vitamin K, and letrachloropyridinol

Rats received vitamin K; intramuscularly
(25 ug/100 g) 16 hr before the intracardiac injec-
tion of 2-chloro-vitamin K, or intraperitoneal ad-
ministration of tetrachloropyridinol. Blood sam-
ples were taken when the anticoagulants were ad-
ministered (zero time) and 8 hr later. The results
are the averages and standard errors for three to
five rats.

Dose Prothrombin
0 time 8 hr
mg/ %% control
100 ¢
Resistant
2-Chloro-vitamin
K, 0.3 108 45 + 10
0.05 108 57 + 8
Tetrachloropyri-
dinol 6.0 108 50 £ 5
1.2 108 70+ 7
Sprague-Dawley
2-Chloro-vitamin
K, 0.05 100 70 =+ 8
Tetrachloropyri-
dinol 6.0 100 63 = 10
1.2 100 82 + 12

vitamin K, by 6-7-fold, and decreased the
hepatic level of [*H]vitamin K, as compared
to controls 2 and 5 hr after administration of
labeled vitamin. In contrast, in the rats
treated with 2-chloro-vitamin K, and tetra-
chloropyridinol the relative amount of
[*H]phylloquinone epoxide was only slightly
greater than in the controls. Also, the hepatic
level of [*H] vitamin K; was not much differ-
ent from that found in the controls.

Vitamin K antagonists and metabolism of
[*H]phylloquinone epoxide. A nearly physio-
logical dose (170 ng/100 g) of [*H]phyllo-
quinone epoxide was readily converted to
[*H]vitamin K, (Table 4). The epoxide to K,
ratio 2 hr after administration was close to
that obtained when the tritiated vitamin was
administered, indicating that the intercon-
version between K, and epoxide was near
equilibrium. Warfarin and phenylindane-
dione blocked the epoxide to K; conversion
and increased the amount of epoxide as com-
pared to controls about equally well. The
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epoxide to vitamin K; ratios were increased
about 18-fold over the controls, and the
amount of hepatic [*H]phylloquinone epoxide
was also significantly increased. The other
anticoagulants tetrachloropyridinol and 2-
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Fi16. 4. Response to phylloguinone epoxide by
Sprague-Dawley and warfarin-resistant rats (reated
with phenylindanedione

Sprague-Dawley rats fed vitamin K-deficient
diet for 12 days (O) and resistant rats fed Purina
rat chow (@) received phenylindanedione (1 mg/
100 g) intraperitoneally 0.5 hr before the intra-
muscular injection of phylloquinone epoxide
(0.12 mg/100 g). Each point is the mean for three
or four rats, with the vertical lines indicatng the
standard error.

REN ET AL.

chloro-vitamin K, , also appeared to inhibit
the epoxide to K; conversion but not nearly
as effectively. 2-Chloro-vitamin K, also in-
creased the amount of [*H]phylloquinone
epoxide as compared to controls, but tetra-
chloropyridinol had no significant effect. The
hepatic [*H]epoxide: [*H]K, ratio was 0.96 at
2.5 hr after administration of 2-chloro-vita-
min K, , suggesting that the epoxide would
be ineffective against the anticoagulant
shortly after 2-chloro-vitamin K, adminis-
tration. However, phylloquinone epoxide was
fully effective in overcoming inhibition of
prothrombin synthesis 18 hr after injection
of 2-chloro-vitamin K, (Fig. 3C).

DISCUSSION

The antagonists of vitamin K were all
found to block prothrombin synthesis com-
pletely, without a substantial lag. Experi-
ments to determine whether the mecha-
nisms of action of the antagonists were simi-
lar indicated that they could be divided into
two groups. The inhibition of prothrombin
synthesis by all four anticoagulants was re-
versed by vitamin K, , but the inhibition in
Sprague-Dawley rats by group I antagonists
(warfarin and phenylindanedione) was not
reversed by phylloquinone epoxide. How-
ever, the epoxide did cause a slight increase
in plasma prothrombin in both warfarin-

TaBLE 3
Antagonists and metabolism of [*H vitamins K,

Rats received an intracardiac injection of 5 ng/100 g of [*H]vitamin K, , and their livers were removed
and analyzed as previously described (1, 11) 2 and 5 hr later. Groups were given an intraperitoneal in-
jection of warfarin (0.1 mg/100 g), phenylindanedione (1 mg/100 g), or tetrachloropyridinol (6 mg/100
g), or an intracardiac injection of 2-chloro-vitamin K, (0.3 mg/100 g), 0.5 hr before injection of the radio-
active vitamin. The standard errors of the results are shown.

Treatment 2 hr S hr
No. of | Liver BHIK, [3H]Epoxide: | No. of | Liver [*HIK, [®H]Epoxide:
rats *HIK, rats [*HIK,
Y% injected *H % injected *H
Control 10 26 86 =0.9(0.16 & 0.03] 5 10 40 +£1.1|0.25 £ 0.07
Warfarin 5 31 3.1 £03[3.0 0.2 6 15 1.4 0.2 (1.6 =+ 0.3
Phenylindane- 3 34 41 +£08|1.1 0.1 3 12 1.0+ 0014 £ 0.5
dione
2-Chloro-vita- 5 23 6.0+ 0.4]0.34 =+ 0.05
min K,
Tetrachloropyri- 4 23 10.4 + 2.9 | 0.26 & 0.02
dinol
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TABLE 4

Antagonists and metabolism of [*H]phylloguinone epozide
Rats were given an intracardiac injection of 170 ng/100 g of [*H]phylloquinone epoxide, and their
livers were removed and analyzed as previously described (1, 11) 2 hr later. Groups received warfarin
(0.1 mg/100 g), phenylindanedione (1 mg/100 g), or tetrachloropyridinol (6 mg/100 g) intraperitoneally or
2-chloro-vitamin K, intracardially (0.3 mg/100 g) 0.5 hr before injection of the radioactive epoxide.

The standard errors of results are shown.

Treatment No. of rats Liver [*H]Epoxide [*H]Epoxide:[*H]K,
% injected 3H
Control 4 41 4.3 £ 0.7 0.24 + 0.01
Warfarin 2 36 12.6 &+ 1.6 3.8
Phenylindanedione 4 38 16.5 + 2.8 46 +=1.3
2-Chloro-vitamin K; 6 41 10.2 +£ 0.8 0.96 + 0.23
Tetrachloropyridinol 3 30 5.5 £ 0.1 0.51 £+ 0.10

and phenylindanedione-treated rats (Fig. 3)
(15). The reason for this is not clear, al-
though possibly phylloquinone epoxide has
some vitamin K activity in addition to being
an inhibitor of the vitamin. Metabolic ex-
periments with [*H]phylloquinone epoxide
demonstrated that group I compounds in-
hibited the conversion of epoxide to active
vitamin K, (Table 4). Group I also caused
the accumulation of labeled epoxide in rats
given tritiated vitamin K, . It has been pro-
posed that group I antagonists are ineffective
in blocking prothrombin synthesis in war-
farin-resistant rats because in these animals
the epoxide to K, conversion is not as sensi-
tive to these antagonists as in normal ani-
mals (11, 16). Consequently phylloquinone
epoxide can stimulate prothrombin synthesis
in the presence of group I compounds in the
resistant strain (Fig. 3) (11). In contrast, the
inhibition of prothrombin synthesis by group
II compounds (tetrachloropyridinol and
2-chloro-vitamin K,) was reversed by epox-
ide, because they inhibited the epoxide to
vitamin K, conversion only slightly com-
pared to group I. Similarly, the effect of
group II on the metabolism of [*H]vitamin
K; was much less than that of group I.
Group II blocked prothrombin synthesis in
warfarin-resistant animals at least as well as
in Sprague-Dawley rats. These results are
consistent with the idea that the coumarin
and indanedione anticoagulants (group I)
inhibit prothrombin synthesis by causing the
accumulation of phylloquinone epoxide, an
inhibitor of the vitamin. In resistant animals
warfarin and phenylindanedione do not in-

hibit the conversion of the epoxide back to
vitamin K;, and the epoxide does not ac-
cumulate (11, 16). 2-Chloro-vitamin K, and
tetrachloropyridinol do not appear to block
prothrombin synthesis by the same mecha-
nism as phenylindanedione and warfarin. 2-
Chloro-vitamin K; could compete with the
vitamin at the active site because of struc-
tural similarity, as Lowenthal has pointed
out (3), but tetrachloropyridinol has no ob-
vious resemblance to vitamin K. Prelimi-
nary evidence indicates that 2-chloro-vita-
min K; and tetrachloropyridinol inhibit the
epoxidation of vitamin K, in vivo and in
vitro.! This reaction may be involved in the
methanism of action of vitamin K, since
Willingham and Matschiner (17) found that
liver vitamin K, epoxidase activity was in-
versely proportional to plasma prothrombin
concentration.

Thierry and Suttie (18) found that 2-
chloro-vitamin K, caused a 2-3-fold increase
in hepatic radioactivity after injection of
[“C]vitamin K;, with most of the increase
in the mitochondrial fraction. We found that
the chloro analogue had little effect on the
amount of 3H in the liver after administra-
tion of [*H]vitamin K, or [*H]phylloquinone
epoxide (Tables 3 and 4). Possible differences
in results might be due to the simultaneous
administration of 2-chloro-vitamin K, and
[“C]vitamin K, or the much larger dose of
labeled vitamin used in the former study (5
ug/100 g). We injected 5 ng/100 g of [*H]-

1 A. K. Willingham, R. L. Laliberte, and R. G.
Bell, manuscript in preparation.
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vitamin K, , which is close to a tracer dose,
since a 10-g rat liver contains approximately
700 ng of vitamin K (19). We found that 2-
chloro-vitamin IK; lowered slightly the
amount of unmetabolized vitamin K, in the
liver, apparently by increasing the relative
amount of phylloquinone epoxide (Table 3).
Consistent with this was the moderate in-
hibition by 2-chloro-vitamin K, of the con-
version of [*H]phylloquinone cpoxide to
[*H]vitamin K, (Table 4).

The ability of tetrachloropyridinol and 2-
chloro-vitamin K, to block prothrombin
synthesis at least as effectively in warfarin-
resistant as in Sprague-Dawley animals sug-
gests that these anticoagulants may be use-
ful as rodenticides in areas where there are
large numbers of rats genetically resistant
to coumarin and indanedione rodenticides
(20, 21). Shah and Suttie (22, 23) have re-
cently found that the chloro analogue was
more effective in resistant than in Holtzman
rats and that it could be used to kill resistant
rats when fed in the diet. Martin (24) also
reported that 2-chloro-vitamin K, was as
effective in warfarin-resistant as in normal
rats but that coumatetralyl, a coumarin, and
chlorphacinone, an indanedione, were much
less effective in resistant animals.
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