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MATERIALS AN!) METHODS

P� PHYTYL [6, 7-3H1 Vitamin K1 and tritiated phvllo-

qwnone epoxide were generous gifts from
.J. T. Matschiner and C. Siegfried (Bio-

chemistry Department, University of Xe-

braska School of \Iedicine, Omaha) and were

purified as described previously (1). 2-Chioro-
vitamin K1 was kindly provided by ,J.

Lt mwenthal (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

(� mmpany, Zionsville, md.), and sodium �var-

farm, from Endo Laboratories (Garden City,

N. V.). 2-Phenyl-1 3-indanedione was pur-

chased from K & K Laboratories. Unlabeled

phylli )quinone epoxide was prepared ac-

corihug to Tishler C! (ii. (12). [3H]Vitamin

1 VHh1)hVllo(luhI1( ilie (poXide, unlabeled

K 1, UlI11t1)(lid (j)( )Xid( and 2-chioro-vitamin

\V(1’( (lissolV(d ill ‘�1we(!1 �0 and diluted

with 0.9 � �\a(1l to make solutions coiitaiii-

ing S iween or less 0.1 or 0.2 ml was iii-

J((t ((1 intra(ar(hally I r intramuscularly.

Plienylindanedione was also dissolved in

Tweeti �0, and enough water was added to

make a s� ilution 10 � in Tweeti and contain-

ing about 3 I!lg/ml of the antagonist. So-

oliuni warf aria an(l 50(1mm tetra.chloropvri-

(lillol \V(V( dissolved in water.

�arfarin-resistant male rats, obtained as

d(scril)(d previously (11), and male Sprague-

l)awlev rats (10-15 weeks old) were used in

I hese exj)(riments.

Plasina� Prothlolilbill \V�5 assayed 1)v the

Illetho(l of 1-Ijort (‘1 al. (13). Control j)la.sIna

was pooled plasma from twenty 11-12-

w(ek-old male Sprague-1)awley rats. The

results are expressed as a percentage of con-

trol protlirombin, although the assay is

sonl(\Vllat sensitive to the (ollcelltratio!1 of

factor N, whi(h is also a vitamin K-dc-

j)(li(1(l)t facto mr

promj)ted us to examine the effects of other

vitamin K antagonists on the metabolism of

the vitamiti and the regulation of prothrom-

bin synthesis. Outside of the coumarins, the

most powerful antagonists of vitamin K are

the indanediones, 2-chl( )�( )-3-phVtVl!laph-

11(10 �l11 i1( )! I ( and t (1 raohlo r mj y ridi no Il ( Fig.

I ). The coumarins 1111(1 in(lall(dio)n(s have

been 1150(1 clinically in treating thrombo-

(1111 )( )lic disease, while tlie ehloro analo )gue

of Vitamill K1 has been usool iii st udi(s of the

Ifl(rhanisln of :uth ai of I In vitamin (3).

Tet ra(hlor( )pvridin( )l Was (liso( voreol o nly me-

((lIt ly to have ant iC( )agulan t act ivit�� and to

l)(’ antago )lIiStic to) vitamin l� (4, 5).
It hiis 1)0(11 (1(11lo)1I4t 11111(1 roooiitlv that

warfarin (:1115(5 tile acouinulation of a micro-

sonial prot ciii \Vhi(h 0811 1)( (OIIV(1t(d to)

tlIr( 111)1)111 bY J�(/) is earinal li.s vein Iii! (6, 7).

This suggests that warfarin bli Irks the vit a-

mm K-dependent oo )nv(rsi( 81 (If this 1)10 )toili

to active prothrombin (6). We have pro-

;a )M((1 that warfarin itihil )it s the 1)10 )duot ion
(If Pr0t hir )1)ibin by causing t III aroumula-

i( 1)0)1 pllVll( )(lui!1( 1110 #{176}l�#{176})Xi(l( an iIlliil)ito)r of

I he vitamin (2, S ). Vitamin K is converted

to) the (j)( )xio1( by a mnicr sollial eja )xidase

(9), and the opo xide is c Ilivort od I )aok to tho

vitanii!i by a 111i(’t’OsOflhtIl r((luotas( which is

inhibited strongly by warfariti (10). lii rats

gonetirally resistant to) I ha (( )unlarin anti-

(‘0 )aguian Is the roni versa III of (j)0 Xid( to K

is loss sensitive to) inhibition b�’ warfarin 811(1

th( (poxid( (1(1(5 iiot accuimilate (10, 11).
\\( have o )nipare(1 the ofl((t s of the other

vitamin K antagonists �sithi those (If war-

farm on the synthesis of prothrombin and

the metal olisiii of radio )a(t WI vitainiti K
1111(1 ph1yllo(�ui11o!1( p( mxi(1o 111 Sprague-

1 )awlev atiol warfarin-resistant rats.

RESULTS

11,1,11)11 lOll 0/ /)lOi/l iaiiibiii .sijiii/iesis bi�

lifrlill iii K aniw�on isis. Marshall (4) found

that au intragastric (jo)5( o�f tetrarhloro-

�yridit1oI of 4 S mg 1(X) g of body weight.
was maximally effective in increasing prOm-

thin Iuiibi a times 24 hr a ft or a(Iminist ration.
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Ft �. 2. Effects of teirach loropyridi mini (T( ‘P) (A ) , ph on !/Ii 11(1(1!) cdi one (Ph e I) (B) , and warfa rio a,, il

2-chioro-vilamin K (C) on plasma prothrombin

A. Bats were giveii an iou raperitoiueal inject ion of tetraOhlOrOpVridiIio)1 (0, 4 mg/ 100 g; #{149},G mg/ 1(X)
g). Each point is the mean for three rats, with the vertical hues iiudicat log tile standard (rror.

B. Rats were given an in t raperitoneal Inject ion of phenyl I ndanedione (1 mg/ 100 g) at zero t l nie ouo1�’

(0 ) or at zero tune an(1 8 hr (�) . Each pm it is the mean for I hree rats, wit Ii t lie vertical ii�ies 11(11(111 -

ing the standard error.

C. Rats were giveli au uit raperitoiieal I luject ion (If warfariuu (�, 0.1 ing/10() g) or aui i it racardiac

injection of 2-chioro-vit aniin K1 (0 , 0.25 mg/100 g) . Each 1)01100 IS t ho’ uiicauu for four rats, wit hi I he

vertical lilies indicating the standard error.

After intraperitotieni injection 0)1 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 rat( of

loss decreased, but low prothronhl)in l(Vehs

were found 44 hr aft(r administration. Ad-

minist ratio n of phenylindanedione (1 nig/

100 g) caused prothromhin to decrease

logarithmically, with a half-life of 6.0 hr

(Fig. 214. To extend the exponential decay

past S hr, a second doso (mf phenylindano-
dione was required. This is consistent with

the rapid disappearance of l)lasilla 1)110 nvl in -

danedione relative to) (( )umarin ant ic )agu-

lants observed by Millar ci al. (14). For coin-

parison, the half-life of pr )t hrombin after ad-

ministration of warfarin or 2-chloro-vit amin

K1 was 7.5 hr (Fig. 2C). This suggests that

the four antagonists 1)lom(k prothrombiti syn-

thesis completely witho)ut a substantial lag

period.

Reversal of ill/i ibil iou of jnot/i 1O)lIbilI �ijn -

thesis b/J vitamin K1 . It is well known that.

inhibition of prothrombin synthesis by war-

farm or 2-chloro-vitamin K1 can be revorsed

by vitamin K1 (3). In rats treated with

phenylindanedione at zero time and aft(r S

hr, vitamin K1 injected aft(r 12 hr produced

an increase in plasma 1)rothlrombiul levels

(Fig. 3A). Similarly, in rats treated with

tot rachllor( )p\-ridino d 24 hr previousl , tile

vitamin alsom reversed the inhibition of pro-

thrombin synthesis (Fig. 313). Marshall (5)

also found that if vitamin K1 was adminis-

tered to) rats along with tetrachli)ropyri-

dinol, tho prothrombin time returned 1(1

nornial momre rapidly thati with tetraehloro-

J)�ri(1iIiol Itli)IiO.
LfJc(i of p/i�jlloquin One epo.ri(le on in/i ubi-

twa of prolli roinbin s!jnt/Iesis. Since phylli -

quinone epoxide was ineffective against svar-
farm 1)ocause the anticoagulant inhibits its

conversion to) vitamin K1 (15), it was tested

against the ot her anticoagulants. The epoxide

was much loss effective than vitamin K1 in

overc nuuig the inhibiti( �n of prothrounlnn

synthesis by phenyhindanedione (Fig. 3A)

hut was as j)otent as the vitamin in stimu-

lating 1)10 )thronibin synthesis in animals

treated wit hi oithor tot rachloropvridiw d or

2-chloro-vitamin K1 (Fig. 313 and C).

LjJ’e(t of antieoaqulants on /)kLsn?a 7)10-

1/irombin in ‘waifarin-resislant rats. To test

th( offoct (If other ant iro)agulants o�n war-

farm-resistant rats, males were treated wit ii

vitamin K1 (2.5 �g, 100 g) in order t() increase

j)lasnla prothrombin lovels to normal. Re-
sistant rats have prothrombin levels of 17 ±
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A. Effect of vi t anii uu K 1 :111(1 phvlh)quiluolIo epoxide ouu inhibit ion by phenylindanedione (Phe I).

Hats received phenylindaulediouc (1 mg/100 g) intraperitoneally at zero time and 8 hr. At 12 hr groups

were given vitamin K1 (�, 0.25 mg/100 g) or epoxide (0, 0.25 nog/100 g) iuutramuscularlv or served as

controls (�) - Blood samples wore I akeiu at zero t inie and 5 1111(1 10 hr after admiulist rat ion (if vitamin

K or phylloquiuiouue epoxide. Each point is t hut meauu for t force to five rats, with the vertical lines in-

dicating the st andard error.

B. Reversal by vitami uu K and phylloquinone epoxide of inhibition by tet rachloropyridiuiol (TCP).
Rats that haol received tetrachhoropvridinol (6 mg/100 g) intraperitoneally 24 hr previously were treated

with vitamin K1 #{149},0.12 ung/100 g) or phyhloquinouue epoxide (0, 0.12 mg/100 g) intramuscularly or
served as controls (a). Blood samples were takeuu at zero time and 5, 10, and 20 hr after administration

of K or epoxide. Each point is the menu for three rats, with the vertical hiuues indicating the standard

error.

C. Reversal by phvlloquinouue epo)xide of inhibit ion by 2-chloro-vitanuitu K (Cl-K) - Hats that had

received 2-chhoro-vitamiuu K1 (0.3 mg/1(X) g) iuutracardialhy 18 hr previously were treated intramuscularly

with phylloqiunone opoxide (0, 0.12 mg/100 g) or served as couutrols (s). Blood samples were takeui

5 and 10 hr after epoxide administration. Each point is the uneauu for three to six rats, with the vertical
lines indicating the standard error.

2.5 #{182}‘�.(SE) of nornial when fed Purina chow

(11). Sixteen hours after the administration

of vitamin, Sprague-I)awley and resistant

rats were given an ilijectiolti (If warfarin,

�)hieiiy1iIidanedione, 2-chloro-vitamin K �, or
tot rachloropvridino l, and 1)10 lod samples were

taken S hr later (Tables 1 and 2). Plasma

prothrombin was ulo)t decreased in the re-
sist ant rats t r at ed with warfarin or phenvl-

indatl(di( me, whereas in Sprague-1)awley

rats carried through the same experimental

pr Iredure, prothrombin decreased with a
calculated half-life (If 5-9 hr (Table 1). In

contrast, 2-chloro-vitamin K1 (0.3 ui�. 100 g)

ati(1 tetrachioropyridinol (6 mg’ 100 g) ap-

p(aro(1 to) h)lock prothrombin syuithesis com-

Pl(tOlY iii r(sistant rats, S1I1(( tho calculated

half-life of prothromhin was 6-7 hr (Table

2). EveI1 a dose of 2-chloro-vitamin K1 as

low as 0.05 mg” 100 g blocked prothrombin

synthesis effectively in resistant rats, while

the same dose in Sprague-Dawley rats was

hot 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 plien ylin(ianedione on response to

/)/l ylloqu ill OF1C e/)o.r i(Ie in res istan t a 11(1 Sprague-

Dawley rats. Phvlloquino �ne ep Ixide stimu-

lates prothrombiui synthesis iui resistant rats

given sufficient warfarin to) block prothrom-

bjiti synthesis complotely in Sprague-Dawley

animals, because the ability of the anticoagu-

lant to block the conversion (If epoxide to



Resist ant

Warfari n
Phenylin-

danedione

Sprague-
l)awlev

Warfari Ii

Phenylin-

danedi (Inc

mgI % control
100 g

0.3 16 108 120

1.0 3 108 109 Resistant

2-Ch loro -vi t am in

K

0.3 3 100 50

let rachloropvri-

1.0 3 114 64 olino,l

Dose Prothrombin

Otime 8hr

,ng/ % control
1(X) g

6.0 108 50 ± 5

1.2 108 70± 7
Sprague-I )awlev

2-Chloro-vit ami lo

K 0.05 100 70 ± S

Tet rachloropvri -

dinol 6.0 100 63 ± 10

1.2 100 82±12
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TABLE 1

I?esistau, ce of warfarii, -resistant rats to

phen yiiii da,,edione

Hats received vitamin K1 (25 �g/100 g) intra-

muscularly 16 hr before the intraperitoneal in-

jection of phenyhindanedione or warfarin. Blood
samples were taken when the antico)agulants were

administered (zero time) and 8 hr later.

Rats Dose No. of Prothrombin
rats

Otime 8hr

TABLE 2

Lack of resistance of warfarin-resistant rats to

2-chioro-vitan, in K1 a �,d tetrachioropyridinol

Rats received vitamin K1 intramuscularly

(25 �g/100 g) 16 hr before the intracardiac injec-

tion of 2-chloro-vitamin K1 or intraperitoneal ad-

ministration of t et rachl ropvridinol. Blood sam -

I)les 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.

vitamin K1 is greatly reduced in the resistant

straimi (10, 11). Phvlloquinone epoxide also

stimulated prothrombin synthesis in re-

sistant rats given phenyhindanedione 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.

1ilam’in K anlaqonists and ‘metabolism of

[3Hlvilami’n K1 . Since warfarin has such a

marked effect on the metabolism of vitamin

K, the other antagomsts were studied. Pre-

viously it was found that warfarin increased

the hepatic ratio of labeled phylloquin �ui

epoxide to vitamin K� 9-fold compared with

controls after injection of 100 pg of [3H]-

vitamin K1 (2). After administratioti of a

tracer dose of [3H]vitamin K1 (5 ng/100 g),

warfarin also increased the epoxide to K1

ratio 6-19-fold, compared with controls, at 2

and 5 hr (Table 3). Although warfarin had

little effect on the total 3H �I1 the liver, the

amount of [3H] vitamin K1 was markedly

reduced in comparison with controls, l)r(-

surnablv because it was trapped as the

epoxide. Phenylindanedione also increased

the amount of tritiated epoxide relative to

0.3 108 45 ± 10

0.05 108 57 ± 8

vitamin K� by 6-7-fold, an(1 (lecreased the

hepatic level of [3Hlvitamin K1 as compared

to) cotitrols 2 and 5 hr after administration of

lal)eled vitamin. In colultrast, iti the rats

reated with 2-chloro I-vitamin K1 and tot ra-

chloropvridinol the relative amount (If

[3H�phylloquinone opolxide was only slightly

greater than in th( (olitrols. Also, the hepatic

hovel of [3H] vitamin K1 was not much differ-

(lit from that found in the controls.

I �ilam in K auilaqon isis an(i metabolism of’

[�11] /)/i !jIloqU ill Olle epox i(le. A iiearly physio-
logical dose (170 ng/100 g) of [3H]phyllol-

(fuitlolne epolXide wa� readily converted to

[3Hjvitamin K1 (Table 4). The ep(Ixide to K1

ratio) 2 hr after administration was close to

that (Ibtainod when the tritiated vitamin was

administered, indi(ating that the intercoln-

version between K1 and epoxide was tiear

equilibrium. Warfarin and phenylindane-

dione blocked the epoxide to) K1 c()nversioln

and increased the amount of epoxide as com-

pared to controls about equally well. The
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TABLE 3

% injected 3/f

4

[3HlEpoxide:
[3HJK1

0.25 ± 0.07
1.6 ± 0.3

1.4 ±0.5

10 4.0±1.1
15 1,4 ± 0.2

12 1.0 ± 0.0

23 10.4 ± 2.9
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epoxide to vitamiti Ki ratios woro increased

about iS-folld over the controls, and the

amount of hepatic [3H]phylloquinotuo epoxide

was also) significantly increased. The other

ant leo lagulants tot rachlo )ro pv ri(h nod atid 2-

5

HOURS

Fn;. 4. I?espoiise to p/i�iiioojiiiiioi#e cpoxi(le by

Sprague-1)awieij and warfarin -rcsista,,t rats treated

with phenijijlldal,e(ijo,,e

Sprague-I)awley rats fed vitamiuu K-deficient
diet for 12 days (0) and resist auut rats fed Purina

rat ohow (�) received phenyhiuudanedione (1 mg’

100 g) mt raperitoneahly 0.5 hr before the nutra-

lnuscular i uuject ion of phyllolquinouue epoxide

(0.12 ung “100 g). Each poiuit is t lie mean for three

or four rats, with t lie vertical lines iuudicatng the

standard erro,r.

chloro-vitanun K1 , also appeared to inhibit

the epoxide to K� collversioln but not nearly

as effectively. 2-Chloro-vitamin K1 also in-

creased the amount of [3H}phylloquinone

epoxide as compared to controls, hut tetra-

chloropyridinol had no significant effect. The

hej!)atic [3H]epoxide: {3HjK1 ratio was 0.96 at

2.5 hr after administration of 2-chloro-vita-

miii K1 , suggesting that the epoxido w-ould

be ineffective against the anticoagulant

shortly after 2-chloro-vitaniin K� adminis-

trat ion. However, phylloquinone epoxide was

fully effective in overcoming inhibition of

prothrombin synthesis 15 hr after injection

(If 2-chloro-vitamin K1 (Fig. 3C).

DISCUSSION

The antagonists of vitamin K were all

found to block prothrombin synthesis com-

pletelv, without a substantial lag. Experi-

ments to determine whether the mecha-

nisms of a(tioll (If the antagonists were simi-

lar indicated that they could he divided into

two groups. The inhibition of prothrombin

synthesis by all four anticoagulants was re-

versed by vitamin K1 , hut th( inhibition in

Sprague-Dawley rats by group I antagonists

(warfarin and phenvlindanedione) was not

reversed by phylloquinone epoxide. How-

ever, the epoxide did cause a slight increase

in plasma prothromhin in both warfarin-

A ntagonists and metabolism of [3H]vitauuuins K1

Rats reoeived an intracardiao injection (Ifs ng1/100 g of [3Hjvitamin K1 , amid their livers were removed

amid analyzed as l)reviously described (1, 11) 2 and 5 hr later. (iroups were given an intraperitoneal in-

jectiolu of warfarin (0.1 mg/100 g), phenylindanedione (1 mg/100 g), or tetrachloropyridinol (6 mg/100

or an intraoardiao injection of 2-chioro-vitamin K1 (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 5 hr

No. of �‘ Liver f3t4�K [3HlEpoxide: , No. of Liver [�H]K1

rats , [3HJK rats

injected 3/f
Control 10 26 8.6 ± 0.9 0.16 ± 0.03� 5

Warfarin ‘ 5 31 3.1 ± 0.3 3.0 ± 0.2 6

Phenylindane- 3 34 4.1 ± 0.8 1.1 ± 0.1 3

dione

2-Chloro-vita- S 23 6.0 ± 0.4 0.34 ± 0.05�

main K1
Tetrachloropvri- 0.26 ± 0.02�

dino,l



TABLE 4

A n tagon ists a iid metabolism of [‘H Jphylloqii mon c epo.ride

Hats were given an mt racardiac injection of 170 mug ‘100 g of [�Il phylloquinone epoxide, and their

livers were removed amid analyzed as previously described (1, 11) 2 hr later. (iroups received warfarin

(0.1 mg/l00 g), phenylindanedione (1 n1g/100 g),or tetrachloropyridiuuol (6mg 100 g) intraperitoneally or

2-chloro-vitamin K1 intracardially (0.3 mg 10() g) 0.5 hr before iuujeo’t ion of the radioactive epoxide.

The standard errors of results are shown.

‘Freatment No. of rats Liver

% injected 3/f

MOI)E OF ACTION 01’ VITAMIN K ANTAGONISTS 379

Control

Warfarin
Phenylindanedione

2-Chlolrol-vitamin 1(1

Tet rachloropyridincl

4 41

2 30;

4 35

6 41

3 3o

4.3 ± 0.7

12.6 ± 1.6

16.S ± 2.8

10.2 ± 0.8

5.5 ± 0.1

[‘tilEpoxide : [3H[K1

0.24 ± 0.01

3.8

4.6 ± 1.3

0.96 ± 0.23

0.51 ± 0.10

and phenyhndanedione-t rented 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 inhibitolr (If the vitamin. Metabolic ex-

periments with [3H�phylloquinone ep Ixi(lo

demorist rated that group I compounds in-

hibited the conversion of epoxide to) active

vitamin K1 (Table 4). Group I also causod

the accumulation of labeled epoxide in rats

given tritiated vitamin K1 . It has been pro-

posed that group I antagonists are inofloctivo

in blocking prothrombin synthesis in war-

farm-resistant rats because in these atlinlals

the epoxide to K1 conversion is not as sensi-

tive to) these antagonists as in normal ani-

mals (11, 16). Consequently �)l1ylloqIIitioIt1(

ep Ixide can stimulate pr )thrombin synthesis

in the presence of group I compounds in the

resistant strain (Fig. 3) (11). In contrast, the

inhibitioin (If prothrombin synthesis by group

II compounds (tet rachl �ro Ipyridim 11 and

2-chloro-vitamin K1) was reversod by epox-

ide, because they inhibited the opolxido to

vitamin K1 conversion only slightly com-

pared to) group I. Similarly, the effect of

group II on the metabolism of [3H]vitamiti

K1 was much less thati that of gronij� I.

Group II blocked pro)thrombin synthesis in

warfarin-resistant animals at least as �vell as

in Sprague-Dawley rats. These results are

consistent with the idea that the coumarin

and indanedione ant icoIagulants (group I)

iflhlii)it prothrombiti svtithesis by causing the

accumulat ion of phylloquinone epoxi(le, an

inhibitor (If the vitamin. In resistant animals

warfarin and phenvhindanediono do) tiot in-

Ilihlit th( (otuversioul of the epoxide back to)

vitamin K1 , and the epoxide does not ac-

cumulate (11, 16). 2-Chloro-vitamin K1 and

tot rachh Iropyridinoll do not appear to block

�)r� )t hrolmh)in svnt hesis by the same mecha-
iiism as phenvi indanedioIne and warfarin. 2-

(‘IlloIrol-vitamin K1 could compete with the

vitamin at thie active sito because of struc-

t ural sinlilarity, as Lowenthal has ponited

onit (3), 1)ut totraclllorop\-ridino)1 has 11(1 0)1)-

vious resemblance to vitamin K. Prehimi-

nary evidonce indicates that 2-chlolru-vita-

fill) K1 1111(1 tetrachloropyridinoll inhibit the

epOxi(latioln of vitamin K1 in tito itIld in

iilro) This reaction may he involved in the

methatiism (I! actioti (If vitamiti K, Since

Willingham and Matschinor (17) folund that

liver vitamiui K1 ep Ixidase activity was in-

versohy proport 10111(11 to j)lasma pr Ithrombin

(oI1c(Iltrat io 01.

Thierry and Suttie (15) found that 2-

(hloro-vitamin K1 caused a 2-3-fold increase

in hepatic radioactivit�’ aftor injection of

[14Cjvitaniin K1 , with most (If the increase

in the mit 0 )chondrial fractio �n. We fo lund that

tho chlolrol analogue had little effect on the

aliloulit of :t�j in tho liver after adiniuuistra-

tio)n (If [:tHjvittinin K1 oi. [3Hj1)I)\-llo(ftlitloII(

epolxi(le (Tablos 3 and 4). Possible (liflereulces

in results might be due to) the sitnultaneous

administration of 2-chloro-vitainin K1 and

I ‘�CJvitaniiti K1 or the inuchi larger dose (If

labeled vitamin used iii thu fornitr study (5

pg/100 g). \\e injected 5 ng ‘100 g of [-‘HI-

I A. K. Willingham, IL L. Laliberte, and It. ( �.

Bell, uuuamuutso ri pt in preparttt i mu.



350 HEN El’ AL.

vitamin K� , which is (lo)so to a tracer (lose,
since a 10-g rat liver (ontams appro ximatoly

700 tug (If vitamin K (19). We foluuud that 2-

(hlorol-Vitamin K1 lo,werod slightly tho

anlolunt (If unmotal)o)liz(d vitamin K1 in thio

liver, apparetitly by itioretusing the relative

ann lunt (If plivl Jo10 Iuihio oie ep Ixido (Table 3).

Consistent with this was tlio iiuoderato in-

hibit io III by 2-chlo �ro 1-vitamil 1 K i ‘If’ t 1)0 (�o1t1

version (If [‘Hjphyllolquinouue (j)olxido to)

[3H]vitaniin K� (Table 4).

Tho al)ihitV of tet rachloro pvridituo d and 2-

chloro-vitamiti K1 to) block prolthirollibili

synthesis at least as effectively iii warfariui-

resistant as in Sprague-1)awle�- atuinials sug-

gests that these anticoagulatuts may be use-

fill as ro)denticides in areas where thoro are

largo numbers (If rats genetically resistant

to) coumarin (111(1 in(laliediollu( ro Identicides

(20, 21). Shah and Suttie (22, 23) have ro’-

cent lv found that the chlolro analogue was

moIre effective in resistant thiatu in Holtzmati

rats and that it coul(1 be used to kill resistant

rats when fed in the diet. Martin (24) also)

reporte(1 that 2-ohloro,-vitamiuu K1 was as

effoctivo in warfarni-resistatut as iuu nortilal

rats but that eouinatetralyl, a co luniarin, and

chilorphacinoluuo, an itldane(li) 1110, woro much

loss effective in resistant animals.
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